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The rail question and manufacturing 
methods. 


To judge by the technical literature 
that has appeared on the subject of 
“« Rails » during recent years, it must be 
agreed that there really is a rail question, 
as most of the railways are actively occu- 
pied in research work with the view of 
improving the steel in order to correct 
the defects in quality shown by rails in 
service. 

If an attempt were made a priori to 
set up a scale of rail quality based on 
the ordinary methods of manufacture, it 
would be very difficult to show the supe- 
riority of any one process, and we should 
be led to state that the enquiries directed 
in different directions, but always having 
the quality in view, have been made both 


by those who use open hearth or acid 
Bessemer steel, and by those who, for 
certain reasons, prefer basic Bessemer 
steel rails. 

It must be admitted, however, that the 
38-ker. and 52-kgr. (76.6 and 104.8 Ib. 
per yard) acid Bessemer steel rails sup- 
plied to us up to 1893, the year in which 
the basic Bessemer (Thomas) process 
came into general use in Belgium, wore 
better than our present rails. The fact 
is incontestable, since we still possess in 
our main lines some of these rails which 
have not yet reached their maximum 
limit of wear. At that time, the works 
were satisfied with a moderate output 
and were able to use raw materials of 
the very best grade. (ore, coke, etc.), but 
there can be no doubt that it would be 
impossible to-day to obtain the high ton- 


(4) Lecture given on 11 December 1929 at the Railway Headquarters, Brussels, before the Professional 
Union of Technical Inspectors and Heads of Sections, 


(*) Translated from the French. 
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nages of rails required, having the same 
qualities. - 

‘Without in any way wishing to lessen 
the value of the acid Bessemer process 
for the manufacture of rails, it is neces- 
sary, however, not to exaggerate when 
forming an opinion as to the value of 
the rails; there is obviously a tendency 
to judge the Bessemer rails from those 
remaining in service, that is to say, from 
the best rails, the others, the bad rails, 
having been eliminated as a matter of 
course as time has passed. 

The same selection will also make it- 
self felt in the case of the basic Besse- 
mer (Thomas) rails, and it may be stated 
that we still possess in our main lines, 
40.65-kgr. (82 lb. per yard) basic Besse- 
mer rails dating from 1903-1904 and 
even from 1898, which have thus given 
25 to 30 years service without reaching 
the maximum limit of wear. 

In Belgium, as regards the ordinary 
quality of rails, we have at present only 
to consider the basic Bessemer process. 
The same applies also to France and 
Germany, as regards the greater part of 
the tonnage manufactured. We. shall 
consider, therefore, more particularly 
basic Bessemer rails. 

In a general way, we are bound to reco- 
gnize that the amazing growth of the 
means of production, which took place 
within the last quarter of a century, was 
not followed by a corresponding impro- 
vement in quality. 

Happily railway comipanies are to-day 
again turning their minds to better qua- 
lity, especially as regards rails. 


Traffic and unit loadings. 


During the same period, there was a 
rapid growth in railways — a growth too 
well known to necessitate review here. 

Progress has been unceasing and sur- 
prising in passengers and tonnage car- 


ried, in axle loads of locomotives, car- 
riages and wagons, and in speed. 

For the purpose of fixing our ideas, 
a few figures will be given to emphasise 
the importance of this growth. 

From 1913 to 1928, the number of 
tonnes-goods-kilometres carried on our 
railways increased from 5290 millions to 
nearly 7808 millions, while the number 
of trains decreased from 787000 to 
664 000, and the number of goods-trains- 
kilometres fell from 36 to 30 millions. 
This result is due to the increase in the 
useful load which has risen from 173 to 
297 metric tons per train. 

In brief, as regards goods alone, the 
Belgian railways, in 1928, carried 47 % 
tonne-kilometres more. than in 1913, 
with 16 % fewer train-kilometres. 

The same comparison cannot be given 
for the tonnages represented by passen- 
ger trains, because no statistics of this 
kind were kept in 1913, but some idea 
of the traffic is given by table I below. 


TABLE |. 


Passenger- Passengers 
per train- 
km. (per 

train-mile). 


Passenger- 
train-km 


Year. |(passenger'| (passenger 
mil i 


, iles), train-miles), 
ee millions.| in millions. 


These data show that the number of 
passengers per train has increased by 
about 50 % since 1913. 

About 25 years ago, the greater majo- 


rity of the locomotives only had axles » 


carrying less than 415 t. (14.7 English 
tons). At the present time, most locomo- 
tives have axles carrying more than 48 t. 
(17.7 Engl. tons) and up to 22 t. and 
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23 t. (21.6 and 22.6 Engl. tons), has 
already been projected ~ future loco- 
motives. 

The improvement in the running con- 
ditions thus results in an increase in the 
unit loadings. 

It remains to be seen how far one may 
go in this direction. Everything will 
depend, from the point of view of the 
track, on the superstructure, and the 
qualities of the parts of which it is 
composed, more particularly of the rails, 
the question of section being assumed 
to be solved. 


The rail and the qualities which it 
should possess. 


In point of fact, although the strength- 
ening of the superstructure of the per- 
manent way has followed more or less 
the increase in traffic, and although the 
lay-out of the permanent way and its 
maintenance have been made systematic 
and methodically organised, it is none 
the less true that the rail remains. the 
essential element of safety, the other 
accessories — ballast, sleepers, etc., — 
merely-serving to support or secure it. 

The rough rule « To have good tracks, 
the chief thing is to have good rails » 


still retains, therefore, all its importance. 


On the other hand, the state of the 


_ permanent way has a considerable influ- 


ence on the satisfactory preservation of 
the rolling stock; it may also be said 
that the reverse is true, and that badly 
designed or badly kept rolling stock may 
become an important destructive element 
for the permanent way. We will return 
to the subject of the rails, however, which 
for the great railways is a question of 


primary importance, in the very first 


place, from the moral obligation of ensur- 


‘ing the safety of running of the trains, 


and in the second place from an econo- 


mic standpoint because of the heavy con- 
sumption of costly material. 

The difficulty is to define what is a 
good rail. 

As far as we are concerned good rails 
are those which combine the following 
qualities : 


1. Made of sound metal. 

2. Made of non-brittle metal. 

3. Made of metal resisting wear suf- 
ficiently. 


We shall see what has been done and 
what remains to be done to satisfy these 
three conditions. 


I. — Sound metal. 


The inspection departments appointed 
to inspect rails and those responsible for 
their good upkeep in normal service have 
to base their opinion on various tests 
laid down in the specifications. 

It is necessary therefore to lay down 
test conditions which clearly define the 
features of the metal offered, and which 
approach or, Hf need be, exceed the 
stresses in service. 

As regards the first two points: « sound 
metal» and «non-brittle metal», an 
opinion may be formed from tests. 

As regards the third condition: « resis- 
tance to wear» the practical results ob- 
tained are taken as a basis, since the 
testing machines do not satisfy the 
desired conditions completely. 


The new test conditions. 


A comparison between the tests speci- 
fied before 1923 and those since that 
year is given in table II below. 

This table shows that the new technical 
specification in force since 1923 stipulate 
a much greater number of impact tests 
and tensile tests, as well as the provision 
by the works of complete chemical ana- 
lyses of all the casts. 
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Taste II. 


Acceptance tests. 


Up to 1923. 


nS 
ees nnn | < 


Since 1923. 


1. Preliminary drop tests. 


on a rail placed on flange and resting on supports 4410 m. (3 ft. 7 5/16 in.) apart. 


On one cropped rail top per cast. 


| 


On all the cropped rail tops of all casts. 


. Final drop iests. 
Tup of 1000 kg. (2 200 bic “falling from a height of 6 m. (19 ft. 8 1/4 in.) 


A tup of 1.000 kgr. (2 200 Ib.) falling from a height of 4 m. (13 ft. 4 4/2 in.) | ; 


on a rail placed on flange and resting on supports 4.40 m. (3 ft. 75/16 in.) apart. 


On 0.5 %Jo to 12 


/o of the rails «ffered. \| 


On 1 5 %Jo #0 2 Fo of the rails offered. 


3. Tensile tests. 
(Centre of head of rail). 


Test piece 6 mm. (15/64 inch) = 
in diameter, 200 mm. (7 7/8 inches) | 
between reference marks. 


Requirements : Minimum ultimate stress 70 ker. 
(44.4 Engl. tons per sq. inch). 


Elongation, minimum 10 Fo. 
Tests on 0.5 to d %o of the rails offered. 


Test piece 13.8 mm. (35/64 inch). 
diameter, 100 mm. (3 15/16 inches) 
between reference marks. 

Requirements: Ultimate stress 68 to 78 ker. 
(43.2 to 49.5 Engl. tons per sq. inch). 

Minimum elongation 12 Jo. 

Coefficient of quality : 

Ultimate stress+-2 (elongation) >94. 

Tests on 1.5 to 2 °/, of the rails offered. 


4. Resilience (notched bar) tests. 
Mesnager test piece 10 10X55 (25/64X25; 642 11 sel in.) with 2- mm, (5/64 in.) round bottomed notch. 


Nil. 


On 1.5 to 2 °/o of the rails offered. 


Each test is made on one test piece taken from 


the head of rail, one from the web and one 


5. Etching tests. 
Baumann sulphur print or etching with Heyn’s reagent. 


Nil. 
No cropping specified. 


On 1.5 to 2 °J of the rails offered and on 4 %/o 
of the cropped top ends. 

Minimum amount of Sy imposed: 25 °/o 
off the top of the ingots. 

Requirement: The rails should be free from 
pipes and peprreations 


. Chemical tests. 


The chemical anaiyses of the casts tested to be ~ 
supplied by te works. 


The complete analyses of all the casts for 8, P, 
Si, C and Mn. to be supplied and checked 
by the Malines laboratory (samples taken at 


from the flange. 
a 


a SSS SS 
7. Brinell hardness tests. 
Pressure of 3 000 ker. (6 660.1b.). Ball 10 mm. (25/64 in.) in diameter. Pressure maintained for 15 seconds| 


8. Micrographic tests 


|| "On about 4 °/o of the rails offered. 


random). | 
| 


| 
| 
| 


\| Carried out for reference purposes. 
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The new and special tests distinguish- 
ing the measures which have been taken 
are : 
~ 4. The use of macrography for elimin- 
ation purposes, and 


2. The resilience tests on small test 
pieces for reference purposes with a 
view to obtaining some idea of the britt- 
leness of the metal. 


The present article will consider mainly 
the new prescriptions. : 

The large outputs obtained to-day are 
the result of the development of mecha- 
nical and electrical methods in our works. 

In order to ensure control of the qua- 
lity of the rails, more up-to-date methods 
and more numerous tests are necessary, 
precisely on account of the manufactur- 
ing conditions and also the numerous 
stresses to which the rails are subjected 
in service. 

Formerly, the tensile test — a static 
test — provided information as to the 
toughness of the steel and its ductility, 
the drop weight test — a dynamic test — 
made on short lengths of rails, provided 
some idea of the brittleness of the steel 
when new. These tests were considered 
sufficient, because most of the other 
conditions, especially the thermal condi- 
tions, were complied with as a matter 
of course by the process of manufacture. 

No one will question, for instance, that 
ingots of one or two tons, of small section 
ensuring their rapid solidification, rol- 
led slowly into light or medium sections 
in a large number of passes under slight 
pressure, constituted a considerable ad- 
vantage from the point of view of the 
final product. 

Such conditions, however, have not 
been obtained for a long time. In most 
of the works, the ingots weigh 4 tons on 
the average. 


After the war, we had the opportunity 
of examining a large number of broken 
rails or rails possessing various defects. 
These rails came from the devastated 
regions and had been brought into the 
workshop for straightening and _ re- 
cutting. 

We had also to study seriously numer- 
ous fractures which had occurred on the 
railways, in tracks which had been con- 
siderably worn by the war traffic, and 
which had never been repaired. 

Our observations led to the conclusion 
that most of the defective rails or of 
the rails prematurely put out of service 
had originated from ingot tops. 

They had pipes, appearing in the form 
of longitudinal cracks, and very often 
considerable segregations or inclusions 
which had facilitated the growth of fis- 
sures across the section and through the 
fishing holes or had caused local crush- 
ing or flaking on the rolling surface. 

The excessive number of fractures 
which occurred in the rails supplied dur- 
ing the first post-war years confirmed 
this opinion. 

The new technical conditions for con- 
trolling the quality of rails date from 
this period. 

It was necessary, therefore, in the first 
place, to endeavour to obain sound metal. 


Ingot cropping and segregation. 


Our specification stipulates, in the 
present day conditions of manufacture, 
that a minimum of 25 % shall be crop- 
ped from the ingot top. In many cases, 
however, this minimum may be insuffi- 
cient, the depth of the pipe increasing in 
proportion to the degree of de-oxidation 
and de-gasification of the metal, but this 
stipulation does not prejudice the main 
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clause, namely: that our rails shall be 
free from piping and segregation. 

It is thus not enough for the rails to 
be free from piping, but they must also 
be free from segregation, so as to ensure 
that the metal will be sufficiently homo- 
geneous throughout the section. 

The term « free from segregation » 
calls for a more explicit definition as to 
its interpretation. 

It is obvious that we cannot go so far 
as to pretend to suppress entirely the 
Segregation resulting from the liquation 
of the elements composing the steel at 
the moment of its solidification, the 
extent of which will be proportional to 
that of the elements capable of separating 
out; but we have in mind the supply of 
steel made from selected pig (low in 

sulphur), well refined, thoroughly quiet- 
ened, and afterwards sufficiently crop- 
ped at the top and bottom. 

It may be considered that these quali- 
ties have been obtained when a Baumann 
sulphur print, or etching for about two 
minutes with copper ammonium chloride 
(Heyn’s reagent), fails to reveal on the 
rail section any agglomeration or zone 
of concentration of impurities contrast- 
ing clearly with the background of the 
print or the etched surface. 

Our requirements are restricted to 
assuming as homogeneous any rail which 
does not reveal segregation under the 
above mentioned reagents, while resery- 
ing the use of other etching methods for 
our laboratory researches. 

This method of control, called macro- 
graphy, has its supporters and its adver- 
saries. 

The adversaries of macrography as a 
means of eliminative control for the 
acceptance of rails state freely that this 
process, being quantitative only, leaves 
the way open to an arbitrary application. 


This pretext cannot be assumed to be 
sufficient for discarding the only method 
enabling valuable information to be ga- 
thered regarding the degree of homo- 


geneity of our rails, and enabling those — 


to be rejected which exhibit segregations 
of impurities capable of facilitating 
fracture or of causing the’ rail to be put 
out of service before its normal wear. 
Neither tensile tests, structure tests nor 
impact tests are able to. provide the same 
information. 

The manufacture during the last few 
years has shown that these defects of 
pipes and segregations can be avoided 
by cropping sufficiently the ingot and 
by taking the necessary care in the manu- 
facture, a care which should be brought 
to bear on all the stages of manufacture: 
composition of the pig, working of the 
steel, suitable proportions of the de-oxi- 
dising additions, heat treatment from the 
casting of the ingots to the rolling of the 
rail. 


Principal cases of segregation. 


The principal cases of segregation or 
inclusion which may result from manu- 
facture are : 


1. Central segregation, affecting the 
web and spreading to the head of the 
rail and the flange according to the 
amount cropped, and the inclusion of 
blow holes or oxide scale, appearing in 
the form of rolling lines, denote a metal 
which has been badly quietened, or lack 
of care in casting (fig. 1). 


2. Reversed segregation, characterised 
by a central decarburisation surrounded 


by a ring of segregation, denoting that - 


rolling was begun before complete -soli- 
dification of the ingot. Figures 2 to 9 
show the results of tests obtained on a 
rail of this type. 


~_ 
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3. Inclusion of soft metal resulting stream of molten metal by pieces of sheet 
from the bad practice of protecting the iron or scrap, which later rise in the 
bottoms of ingot moulds against the molten metal and form inclusions in rails 


z= 57) ) q 


Figures 2 to 9. — Tests on rail with reversed segregation. 


Fig. 2. — Baumann sulphur print. 


4 


oe | 


rolled from the ingot bottom. Figures It is necessary to take all possible mea- 
10°to 14 relate to a rail contaminated sures against these different types of 
with inclusions of this type. segregation. 


a 


Tensile. 


Ultimate stress 
= 60.5 kgr./mm? 
(38.4 Engl. tons per sq. inch.) 


T, / Elstie limit = 34.6 kgr. mm? 
(22.0 Engl. tons per sq. inch. 


Elongation = 22.5.°,. 
Reduction = 47.4 °/.. 
Ultimate stress 
= 71.1 kgr./mm?2 
(45.1 Engl. tons per sq. inch). 


Elastic limit = 36.7 kgr./mm?. 
(23.3 Engl. toms per sq. ineb. 


Elongation = 17.5 *),. 


Reduction = 32.7 °,.. 


oe Resilience 
Kg.-M./em?. (foot-pounds 
per sq. inch). 


{ 1.975 3.020 
(92.16) | (140.92) 
2 1.410 1.785 
(65.7) (83.29 
3 6.52 7.060 
(304.23) (529.42) 
4 6.55 17.960 
(805.62) | (838 03) 
5 1.615 0.735 
” (75.35) (34.30) 
6 1.625 4.00 
(75.82) (186.6) 


The resilience tests were cars 
ried out in duplicate and the 
test pieces were taken in the 
same line one with another. 


Fig. 3. — Mechanical tests. 


The steel makers have repeatedly asked 
us to state precisely our point of view 
in illustrative form by providing them 
with a number of typical macrographs 
which could be used as a guide both as 
regards manufacture and for complying 
with specifications. 


In response to this request, our Speci- 
fication Committee under the chairman- 
ship of Mr. Van Waefelghem, Chief En- 


_ gineer, drew up the three sets of Bau- 


mann sulphur prints shown below, each 
set comprising five types of macrographs 
— good, acceptable and bad (figs. 15 


Figs. 2:to 9 (contint 


Fig. 5. — Area taken in the flange of the head. 


100 Xx. 


‘iz, 6. — Area taken in the segregated zone. 


Photomicrographs. 


100 X. » 
Fig. 7. — Area taken in the decarburised web. 


¥ 3 A oy Wa 
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¥ Pian 
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160 x. 
Fig, 8. — Area taken at the edge of the foot. 


Pressure : 3 000 kgr. (6 600 Ib.} for 15 seconds. Ball, 10 mm. (25/64 inch) in diameter. 


S 

ws =< 

<2 333 g 
52] as DS: Sse ss 
SE] o& 25 2cE 
os c= 22 Se Sa 
ma tm ES sa 

| Ss ker / | Engl. tons Me 
mm? | persq.inch 
4 . 91] 192 | 67.0] 42.5 
2 | 99| 187 65.3 | 41.4 
5 | 91 | 192 | 67.0 | (42:5 
4 | 9 | 179 | 64.3 | 40,8 
5 | 87 | 470 | 64.9! 38.7 
6 | 90} 487 | 65.3 | 414 
z | 87 | 170 | 61.0 | 38.7 
SEO | 498 7.0 | 42.5 
2 | 70: 424 | 44.0] 27:9 
10 | 85 | 166 | 59.6) 47.8 
11 | 7} 140 | 497) 31.6 
S24 S04 453) | 5S) ae 
13 | so} 179 | 64.3 | 40.8 
44 | o1 | 192 | 67.0} 425 
15 | 90] 187 | 65.3! 414 
| 

316 | 90] 187] 65.3) 414 
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Figs. 2 to 9 (continued). 


Position of impressions. 


Fig. 9. — Hardness tests, 


@ Tests with the Rockwell machine. 
@ Tests with the Brinell machine. 


Diameter 
ot 
impression 


et peat ela 
Brinell figure, 


. 
; 
{ 


Culeulated 
ultimate 
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Chemical analyses. 


Segregated Decarbu- Edge 
zone. rised zone. zone. 
| : 
\ 0.070 0.044 0.048 
s 
! 0.063 0.012 0.042 
| 0.402 0.042 0.075 
fe 
} 0.4102 0.043 0.074 
| 0.4102 0.4102 0.402 
Si : 
0.102 0.102 0.102 
0.43 0.26 0.39 
Cc \ 
10.44 0.25 0.39 
\ 0.76 0.746 0.787 
Mn ‘ 
! 0.773 


Fig. 4. 


fo 29). We feel sure that the manufac- 
turers will regard the publication of 
these illustrations merely as a loyal effort 
on our part with a view to defining more 
precisely our point of view without any 
other object. 

It may appear superfluous to repro- 
duce good macrographs, but it has been 
considered desirable to include them in 
order to show that the best macrographs 
obtained from rails are not altogether 
free from segregation in the strict sense 
of the word; a fortiori, those classed as 
« acceptable » and which for the most 
part already exhibit pronounced signs of 
segregation, but without marked agglo- 
meration. 

It will be observed that what distin- 
guishes macrograph No. 1 of the set of 
bad macrographs, from No. 4 of the set 


of « acceptable » macrographs, is that 
No. 4 exhibits a filiform segregation. 
This type of segregation, which forms 
the immediate extension of the pipe, 
provided it is not identical with it, pos- 
sesses, according to the concentration of 
the impurities, a marked tendency to 
produce internal fissuration, which will 


-spread. more or less rapidly in service 


under the repeated shocks, and will fol- 
low the more or less pronounced erys- 
talline organisation of the surrounding 
layers; being particularly assisted in this 
by the fishing holes. 

The following experiment has been 
repeatedly and successfully performed 
on lengths of rail having a filiform se- 
gregation in the web without the appear- 
ance of a fissure : 


After making a transverse saw-cut in 
the web down to the line of segregation, 
a fissure has been produced under the 
action of repeated blows from a small 
fitter’s hammer weighing about 700 gr. 
(1.54 lb.), the fissure spreading rapidly 
along the whole line of segregation and 
even beyond (see fig. 30). 

In short, it is our opinion that segre- 
gations constitute a defect of variable 
degree of seriousness which may not al- 
ways result in fracture of the rail, but 
which, nevertheless, ought to be regarded 
as zopes of weakness, the danger from 
which increases with the concentration 
of the injurious elements: sulphur, 
phosphorus and carbon, these elements 
imparting distinctly different physical 
properties to the affected zones. 

In support of these arguments and to 
show that our requirements are justified, 
it is merely necessary to call to mind the 
shape of our switch points and the shape 
of the ~points of built-up crossings. 
Finally, it should be borne in mind that 
all rails are pierced by holes in the web, 
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Figs. 10 to 144. — Inclusion of soft steel, which 


Running diveetion. 


Haine-St-Pierre station (formation). 

Ingot bottom rail, 50 kgr. per m, (100.8 Ib, per yard), 18 m. (59 ft 
5/8 inches) laid on 27 sleepers. i 4 

The rail was split for 0.80 m. (44 13/46 inches) but macrograph 
etching carried out at 0.60 m. (23 5/8 inches) from the end still sho 
inclusion of soft steel. ; 

At one metre (3 feet 3 3/8 inches). all trace eae soft steel had disaj 
peared. ; 

Date when laid : has 1927, Cinder ballast. 

Date when taken up : December 1927. Level and straight track. 

Intense traffic : 200 trains and locomotives per day. 


Fig. 10. — Macrographic etching showing te zone 


of soft steel and the split in the rail. Fig. 41. 


at the very place where the elements 1. The more or less extensive areas 


which may have a harmful effect are 
often concentrated. 

Experience has shown that the forma- 
tion of fissures and their development 
under repeated stresses may be consider- 
ably promoted by the presence of segre- 
gations. 

This opinion has recently found fresh 
support in the noteworthy paper by 
Messrs. Marqueyrol and Merklen in 
Le Génie Civil for 25 May 1929, entitled 
« Contribution 4 l'étude des impuretés 
dans les rails de chemins de fer », (A 
contribution to the study of impurities 
in rails). 

This paper, which contains the results 
of very careful analyses and tests made on 
segregated rails, leads to the following 
general conclusions, which have our full 
support : 


or zones of impurities to be distinguish- 
ed in macrographs include high pro- 
portions of sulphur and phosphorus. 
These proportions far exceed the maxi- 
mum limits usually imposed on manu- 
facturers. 


3. The tendency to fissuration is al- 
ways greater in the zone of impurities 
than in the sound parts. 


3. A very slight fissure originating in 
a zone of impurities, on passing from 
one area to another may spread through- 
out the rail and cause its fracture. 


4, Up to the present, it has not been 
possible to protect the rail joints from 
the shocks produced by the wheels pas- 
sing over them. 

Our experiments on the effect of 
repeated shocks have shown that regions 
of high sulphur and phosphorus content 
have a tendency to fissuration. This at 
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A. 
Fig. aor Photomicrograph taken in the zone Fig. 13. — Photomicrograph showing the weld 
of the soft steel inclusion. , f soft steel and hard steel in the transition zone. 


. Fig. 144. — Photomicrograph 
showing the normal structure of the rail. 
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Figs. 15 to 19 (continued). — Belgian National Railway Company. 
Good macrographs. 


Fig. 19. : 
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Figs. 20 to 24 (continued), — Belgian National Railway Company. 
Acceptable macrographs. 


ssydvasorovm peg — “Aueduo;) Keaytey jeuonen) uers]oq — "6G 1 9 “S81 


-@ 


DEER TCC Cg DOT ARE? TENE eS ee, aig 6 ange Rae 


Pigs, 29 to 42d (con 
(3) 


— 1586 —. 


Figs. 25 4 29 (continued). — Belgian National Railway Company. 
Bad macrographs. 
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once explains the frequent occurrence 
of fracture in the fishings. 


5. The lack of homogeneity, known as 
segregation, the impurities, blow holes, 
inclusions of non-metals and foreign 
metals, etc., are brought to light in a 
very distinct manner by macrography ; 
the use of this method is to be recom- 
mended, therefore for controlling the 


quality of supplies. 


Hig, 30. 


On the other hand, we have found that, 
when an investigation regarding a pre- 
maturely broken rail is set on foot, the 
first test to which the investigator pro- 
ceeds is a macrographic etching test in 
order to make sure, before anything else, 
of the homogeneity of the rail. Why 
desire to form an opinion of the appear- 
ance of the macrographic structure after 
the fracture has occurred, and not admit 
of the process as a preventive measure 
at the time the rails are accepted? 

Of course as regards our rails, the re- 
sults have only been obtained by cropping 
the ingot tops to an amount which regu- 
larly exceeds 30 %. 

It is also obvious that it pays to make 


stipulations of this nature. Ultimately, 
however, the costs of maintaining the 
permanent way are reduced owing to the 
more regular wear, and the less frequent 
abnormal withdrawal of rails from ser- 
vice. In addition, safety is also benefited. 

After all, what would be the use of 
making considerable efforts to attain grea- 
ter speeds, to give the passengers more 
comfort and often more luxury, if it were 
not possible at the same time to improve 
the factors of safety, of which the rail 
constitutes one of the essential elements? 


Il. — Brittleness. 
The causes of brittleness. 


A sound metal, however, is not necessar- 
ily a metal which is not brittle, and we 
know. how much the thermal cycle of 
manufacture, as well as the mechanical 
work’of rolling, necessary to give the desir- 
ed shape to the product, may modifiy the 
structure of metals, that is, of steel, inso- 
far as we are concerned. To a consid- 
erable extent the more or less pronounced 


_ brittleness of the finished product, for 


a pre-determined chemical analysis, will 
depend upon this structure. 

From the chemical point of view, the 
carbon content is the main factor which 
is capable of affecting the brittleness. 

It is impossible to allow high carbon 
contents for rails without running the 
risk of a brittleness which would endan- 
ger safety. This point will be returned 
to later, when discussing the wear of rails, 

Apart from the quality of the steel, 
there is the rolling which, starting from 
the ingot, consists in a series of successive 
treatments obtained by passing the metal 
through roughing and finishing grooves, 
so as ultimately to produce the desired 
section without re-heating. 
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This rolling, like forging, is assisted 
by the high temperatures of the metal, but 
the result of this is an overheated struc- 


ture with its characteristic brittleness — 


(figs. 34, 32 and 33). 

Although in the case of forging, re- 
course is had regularly to subsequent re- 
heating, which regenerates the grain, or 
even to a complete heat treatment, that is 
to say, hardening followed by tempering, 
in the case of the rail, on the contrary, 
rolling, in the ordinary conditions of ma- 
nufacture is not followed by any treat- 
ment capable of regenerating the structure 
of the metal. 

It is therefore necessary to make the 
rolling conditions such that the best pos- 
sible crystalline structure is obtained, 
which will make itself felt in a less 
pronounced brittleness of the metal. 


Resilience tests and the results obtained. 


We have therefore been induced to turn 
our attention to the resilience test, which 
should provide some indication as to the 
brittleness of the metal, and that is why, 
since 1923, we have carried out for refer- 
ence purposes, resilience tests on small 
test pieces of the Mesnager type, 10 mm. 
< 10 mm, « 55 mm. (25/64 « 25/64 x 
2 41/64 inches) having a 2-mm. (5/64 
inch) round-bottomed notch. 

Our object was to be able to determine 
the capacity for specific work of the 
various parts of the rail metal, micro- 
scopic examination carried out on sections 
of the resilience test pieces being intended 
to complete the indications and to be used 
in searching for possible improvements. 

Below is given a frequency diagram for 
the years 1926, 1927, 1928 and 41929 
(fig. 34). 

These data were collected on a total of 
more than 200000 tons of rails offered 
for acceptance. 


The diagram shows that the manufac- 
ture of rails has made incessant progress 
from the point of view of non-britileness, 
and it should be borne in mind that, for 
41929, more than 80 % of the rails tested 
gave a resilience of more than 2 Kg.-M. 
per cm? (93 foot-pounds per sq. inch) and 
65 % more than 3 Kg.-M. per em?(4140 foot- 
pounds per sq. inch). 

The improvement has made itself chief- 
ly felt as regards the figures from 3 to 5. 


The influence of the rolling temperature 
on the properties of rails, 


It may be of interest to mention that 
the improvement recorded this year is 
partly due to a reduction of the final 
rolling temperature. 

In fact, during the rolling programme 
of 1928, several tests were made, consist-. 
ing in reducing the temperature in the 
finishing grooves down to the neighbour- 
hood of 900° C. (4 652° F.). 

The distribution of the perlitic network 
was appreciably improved (figs. 35 to 37) 
and the mechanical characteristics — elas- 
tic limit, ultimate stress and resilience — 
were increased by several units. 

For this reason recommendations were 
made in 1929 to the manufacturers, and 
the results obtained‘ have confirmed the 
satisfactory influence of this practice. 

Similar experiments have been made 
and are still being made at some French 
works, where an endeavour has been 
made to finish rolling at a temperature as 
close as possible to the transformation 
point on cooling. The results which have 
been communicated to us show a marked 
improvement, especially from the point of 
view of « brittleness ». 

In Stahl und Eisen for 7 February 1929, 
Mr. Stumper gives the results of his 
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Fig.£54. — Results of resilience tests made on rails. (Ordinates = percentages). 
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Figs. 55 to 58. — Variation in the structure according to the final rolling temperature. 
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He finds that the results obtained, relat- 
ing to a temperature range of 950° to 
44150° C. (1742 to 2402° F.) may be 
summarised as follows : 


The elastic limit, the ultimate stress 
and the elongation decrease when the 
final rolling temperature increases; 
whereas the Brinell hardness is only 
moderately affected, the resilience in- 
creases as the temperature decreases. 

The improvement in mechanical pro- 
perties is accompanied by a reduction 
in the shape of the grain, the size of the 
grain increasing almost in geometrical 
progression, when the final temperature 
increases in arithmetical progression. 


Mr. Stumper has been good enough to 
send us the photomicrographs illustrating 
his conclusions (see figures 39 to 48). 

One of the most interesting results of 
this method is the elevation of the elastic 
limit in rail steels. It is, in fact, essen- 
tial, for the satisfactory resistance to 
repeated shocks, to endeavour to obtain a 
high elastic limit. 

For many of our rails of an ultimate 
stress of 70 kgr. (44.4 Engl. tons per sq. 
inch), the apparent elastic limit often lies 
between 36 and 38 kgr. (22.8 and 24.1 
Engl. tons per sq. in.), which we consider 
to be insufficient and which should not 
be less than 40 kgr. per mm? (25.4 Engl. 
tons per sq. inch). Now this figure of 
40 kgr. per mm? has been exceeded regul- 
arly when, in the manufacture, the tem- 
perature at the end of rolling has been 
lowered to the neighbourhood of 900° C. 
(41 652° F.). 

In opposition to this, it has been argued 
that the reduction of the final rolling tem- 
perature would cause the roll grooves to 
‘wear more rapidly and would result in 
more frequent breaking of the rolls, while 
producing a defective section. These 
objections are justified, and it is evident 


that it will be necessary to dress the rolls 
more frequently, and owing to the pres- 
sure required, the chance of breaking the 
appliances will increase. 

On the other hand, it is the shape of 
the section adopted which will serve to fix 
the limit in lowering the rolling tempe- 
rature. 

As for the surface defects of rails, it is 
our opinion that they have their origin 
mainly in rolling flaws or lines which 
have not properly rewelded and are made 
more evident by the reduction in the tem- 
perature. : 

Rolling lines are often brought to light 
and opened out under the impact of the 
1 000-kgr. (2200-lb.) tup with the rail 
flange in tension. These lines which form 
fine, longitudinal fissures, may often 
promote fracture and may originate from 
surface blisters which have been burst 
and elongated by the rolling, or from 
oxide inclusions due to dirty ingot moulds. 


The choice of the type of test piece 
and the shape of the notch. 


Difficulties arose at the beginning in 
procuring in sufficiently large numbers 
well-gauged resilience test-pieces, any lack 
of finish in which might have had an ad- 
verse effect on the results. That is why 
the figures from 1926 only have been 
given, since most of the works have only 
been equipped gradually with machines 
for finishing the test pieces and milling 
the notches. 

It has been asked if the small Mesnager 
test piece is really the one which should 
be adopted for rail tests. It is accused 
more particularly of being too local and 
of not providing indications over the 
entire rail section. It is also criticised 
for having a round-bottomed notch, whe- 
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reas the cracks which are produced in 
rails in service are always sharp. 

In reply to this, it may be stated that, 
when the brittleness test was adopted, we 
selected the test weight and the type of 
test piece which, in the civil and military 


_ departments, best answered the require- 
ments. 


The shape to be given to the notch has 


been the subject of considerable discus- 


sion in various countries. Quite recently, 
as the result of some work carried out in 
Germany (‘) on the different existing 
types of test pieces, two test pieces were 
retained, one being the Mesnager test 
piece, as being capable of providing the 
best indication of brittleness. 

Considering that for each test, a test 
piece is taken from the upper part of the 
rail head, in the middle of the web and in 
the flange, it may be assumed that the 
important parts of the rail are tested. 

The usefulness of small test pieces also 
makes itself felt when it is a question of 
a rail from an ingot that has been rolled 
too hot, that is to say, the thermal evolu- 
tion of which has been too abrupt and 
abnormal. The resilience figure in such 
a case is always higher in the web, owing 
to the resulting decarburisation (figs. 49 
to 54). 

It must be repeated that it is a matter 
of considering the averages only of the 
figures obtained, and their regularity as 
a whole. 

We believe that resilience tests should 
still be made in the present conditions so 
as to be in a position to compare the 
results and follow the progress which has 
been made. 

From now on, however, it is already 
apparent that, when it becomes a question 
of finally selecting the shape of the test 


(1) Stahl und Hisen for 26 April 1928. 
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bar and its notch for indicating the britt- 
leness of rails, choice will fall on the test 
bar constituted by a portion of notched 
rail. 

The shape of the notch is the delicate 
point, because in order to be judicious, 
the brittleness test should enable the rails 
to be classed for use in a manner such 
that the best rails will be reserved for 
tracks where the traffic is heavy. 

It is also found that in service the 
rails, according to their degree of brittle- 
ness, and independently of their chemical 
analysis, exhibit a greater or lesser ten- 
dency to fissure on the rolling surface 
under the effect of the work hardening, 
whether followed or not by hardening, 
resulting from the passage of the loads 
and above all from the skidding under 
the action of the brakes (+). 

These fissures are developed by inter- 
crystalline progression owing to the 
brittleness of the mass (figs. 52 and 53) 
and may lead to sudden fracture of the 
rail under the passage of a train, as has 
occurred repeatedly on some foreign rail- 
ways. That is why the notch ought in 
some way to deal synthetically with the 
defect by fissuration. 

Other railways appear to have adopted 
our present point of view and we know 
that the Italian and Swiss railways also 
use the small Mesnager test piece. 

The French railways, while using the 
Mesnager test piece for their laboratory 
researches, have prescribed for some 
years in their specifications, the impact 
test on a length of rail notched with a 
milling tool (fig. 54), a 300- kgr. (660 lb.) 
tup falling from a height of 4.60 m. 
(15 ft. 4 in.) on a short length of rail 
with the head in tension; distance bet- 


(1) See- Revue de Métallurgie, September, 
October, November, 1927; Revue Générale des 
Chemins de fer,. November, 1926. . 
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Figs. 39 to 48 (continued). — Influence of the final rolli 
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ween supports: 500 mm. (25 7/16 in- 
ches) —-but the notch made with a 
milling tool only gives an imperfect 
significance to this test, since the result 
cannot be stated in figures and the frac- 
ture does not always pass through the 
notch. 

With the object of giving a better 
definition to brittleness by taking into 
account the tendency to fissuration, 
Mr. Merklen, the Special Reporter on the 
question of rail fractures to the London 
Congress (1925), the activities of which 
were concentrated on the rail question, 
devised a test on a length of rail having 
a notch 2 mm. (0.079 inch) deep and 


02 mm. (0.0079 inch) wide, made with 


a fine saw 0.15 mm. (0.059 inch) thick 
guided in a frame. 

This test is made on a piece of rail 
0.70 m. (2 ft. 3 1/2-in.) long, resting on 
supports 0.50 m. (4 ft. 7 11/46 in.) 
apart. The first tests were made with 
ten blows from a 300-kgr. (660 lb.) tup 
falling through a height of 0.50 m. 
(1 ft. 7 11/46 in.), the rail being turned 
after each blow, and beginning with the 
rail head in tension, then ten blows from 


a height of 1 m. (3 ft. 3 3/8 in.) in the 


same conditions, then one blow at 2 m. 
(6 ft. 6 3/4 in.) rail head in tension, one 
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blow at 3 m. (9 ft. 10 1/8 in.) and so 
on until fracture. 

A number of these tests have been 
made on our 50-kgr. (100.8 lb. per yard) 
rails. Some of them broke in the 0.50- m. 
(1 ft. 7 11/16 in.) series of blows; others 
in the 1-m. (8 ft. 5 3/8 in.) series; for 
some of them, although this was excep- 
tional, it was necessary to go to 2 m. 
(6 ft. 6 3/4 in.). : 

At the present time, M. Merklen prefers 
to reduce the number of impacts to two 
blows alternated in a manner to make the 
test practical enough for checking britt- 
leness, which should be done on a por- 
tion of rail from all the ingots. 


Foot. 


This test appears to have the advan- 
tage of enabling the rails to be classed 
in order of their brittleness, without 
being affected by the various microscopic 
inclusions which the metal possesses in 
the different parts of the rail section. 

A great many tests will still have to be 
made before adopting a final attitude. 
If a test of this type were to be adopted, 
it would probably be possible to consider 
granting a rebate to manufacturers for 
supplies which include a considerable 
percentage of rails recognised as being 
non-brittle. 

It may be mentioned in passing that, 
as far as we are concerned, we have been 
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Fig, 48. — Conid. from figs. 39 to 47). — Size of grain in relation 
to the rolling temperature. ; 


in the habit for some years now, of 
reserving for the tracks where the traffic 
is intense, perfectly sound rails from 
ingot bottoms which have given the best 
test results. Following another line of 
thought, it.is to be hoped that in the 
near future, it will be possible to estimate 
in a practical manner: the oxygen in 
steel, and determine exactly its degree of 
harmfulness and its reaction on the britt- 
leness. As regards brittleness, we shall 
leave the matter at this point and proceed 


to the third point, that is to say, the 
question of the wear of rails. 


Ill. — Resistance to wear. 


Forms of wear. 


The forms of wear which will be dis-- 


cussed ate: 

1. Wear of the rolling surface by 
abrasion; 

2. Lateral wear of the head of the 
rail in tracks laid in short-radius curves; 

3. Wear by oxidation. 


Figs. 49 to 51. — Structure of a rail from an ingot rolled too hot. —- Decarburisation of the web. 
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Figs. 52 and 55. — Superficial hardening of the rolling surface 


Rolling surface. 


Fig. 52. 


If may be said once and for all, that 
rails of sound metal wear more regularly 
than those contaminated by impurities, 
which readily give way to local crushing 
or to flaking (exfoliation). 

The first thought which comes to the 
- mind is that, in order to have a metal 
which will wear well, it suffices to use 
a hard metal, and for that purpose to 
increase the carbon content. We have 
already seen, however, that the result of 
increasing the carbon content beyond a 
certain limit is to increase the brittle- 
ness. It would appear to be difficult, 
therefore, to reconcile safety with the 
point of view of economy. 

“We find ourselves in a dilemma : 


Centre of head. 


Fig. 53. 


under the present traffic conditions, the 
rails must either be allowed to wear mo- 
derately so as to maintain safety, or the 
resistance to wear must be allowed to 
come first, while endeavouring to pre- 
serve safety by increasing the weight of 
the rails. 

The last solution has been adopted in 
the United States, where rails are made 
of open hearth steel having a carbon 
content of 0.7 to 0.9 % and even 1.0 %, 
and a weight of up to 67 kgr. per metre 
(135 Ib. per yard). 

It appears daily, however, that the 
policy followed by the great European 
railways is being shown to be the best. 

Moreover, a high carbon content offers 
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Fig. 54. — Great French Railways. — Impact test on a milled length of rail. 


the serious danger of assisting the form- 
ation of transverse fissures in the rails 
(fig. 55 and 56). 

The destruction caused by the violent 
straightening of rails bent in cooling or 
under a press or in machine rolls, is 
sufficiently well known. Internal fis- 
sures may be formed by this operation 
and very often very fine cracks are form- 
ed in the bull head or flange which are 
not visible when the rail is inspected. 
The risks of internal fissuring increase 
with the hardness of the cee and its 
lack of uniformity. 

Mr. Houbaer, Departmental Chief of 
the J. Cockerill Company's Steelworks, 
has said what had to be said on the 
subject of carbon in his noteworthy pa- 


per on the chemical composition of rail 
steels (+) : 


The composition of the rail, he states, 
as regards carbon, appears to be, and 
is in fact, solely dependent upon the 
resistance to wear under heavier and 
heavier loads. It is therefore this 
attention to resistance to wear which 
in most cases, controls the carbon con- 
tent; as if the rail could indefinitely 
adapt itself to all requirements, lend 
itself to all desiderata, without possess- 
ing intrinsically of its very essence, 
some limiting carbon content which a 
careful railway ought not to exceed in 
its requirements and which a manufac- 


(1) Revwe Universelle des Mines of 15 Janu- 
ary, 1929. 


turer ought not to accept as a maximum. 
They certainly wish to assume, he 
continues, that there is a maximum 
content; for some, it is C=0.50 %; for 
others, this limiting content lies some- 
where between 0.90 and 1.00. As if 
steel-making, as practised in one country 
and another, and as if the skill of the 
metallurgists, varied from one to two. 


What would the railway ‘engineers . 


say, he concludes, if the calculation and 
construction of their locomotives were 
treated by employing the same princi- 
ples as basis and simply increasing the 
carbon content of the various parts as 
they became more fatigued ? 


And yet, in this case, it is a question 
of parts carefully forged, annealed, 
treated. What is there to say then of a 
product used in the raw state of rolling, 
and work-hardened in places ? 


We do not come under Mr. Houbaer’s 


reproach, because we, for our part, have 
estimated that the carbon content of 
rails should not appreciably exceed 0.5%. 
We thus obtain, as we have seen in the 
table summarising the tests, strengths of 
68 to 78 kgr. (43.2 to 51.5 Engl. tons per 
sq. inch). 

The chemical analyses of our rails vary 
within the following limits : 


C. Fo 
0.40 to 0.52 


S. fo 
0.030 to 0.055 


P, Fe 
0.035 to 0.075 


Si. ol Mn. ®/o 


0.412 to 0.25 0.85 to 1.15 


It may be stated moreover, that very 
hard rails (80 kgr. [50.8 Engl. tons per 
sq. inch]) while being more brittle, do 
not behave better in wear than relatively 
softer rails (65 to 75 kgr. [41.3 to 47.6 
Engl. tons per sq. inch]). 

Under the pressure of the loads trans- 
mitted to the rails by the tyres, often 
made of eutectic steel (0.9 % C.) forged 
and annealed, the surface layer of the 
rolling face perishes through successive 
erosions in the case of the very hard rails, 
and in the case of the softer rails, con- 
siderable cold work-hardening ensues, 
the depth of which is sufficient to form 
an adherent and very hard layer, capa- 
ble of wearing well. The carbon content 
of many acid Bessemer rails was less 
than 0.40 % and Brinell hardness figures 
are found of A = 286, corresponding 
to a calculated tensile strength of 100 kgr. 
per sq. mm. (63.5 Engl. tons per sq. in.) 
on the surface of old 38- and 52- ker. 
(76.6 and 104.8 Ib. per yard) rails, 
while the hardness figure attains only 


187 or less in the head below the cold 
work-hardened zone, corresponding to an 
ultimate stress of 65.5 kgr. per mm/ 
(414 Engl. tons per sq. inch) at the 
most. 

For very hard rails: A = 241, ulti- 
mate stress = 84.1 kgr. per mm? (53.4 
Engl. tons per sq. inch) for example, 
the difference is a minimum. 

This phenomenon of cold work-hard- 
ening and resistance to wear is identical, 
moreover, with that found in special 
manganese steels of the Hadfield type, 
having about 12 % manganese. 

These steels possess a hardness which 
is comparatively low (A = 202, ullti- 
mate stress = 70.5 kgr. per mm? (44.7 
Engl. tons per sq. inch) approximately, 


and only acquire their hard wearing . 


properties after becoming cold work-hard- 


ened in service (A = 400, ultimate . 


stress = 135 kgr. per mm? (85.7 Engl. 
tons per sq. inch), but the question of 
rail wear still remains, because in the 
opinion of the writer, the use of con- 


Fig. 56. 
Figs, 55 and 56. — Transverse fissures, 
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tinuous brakes on our goods trains will 
accentuate the wear of our rails owing 
to the increased speeds and braking 
zones. 


Special steels and heat treatment. 


Apart from the ordinary chemical 
composition as a means for combating 
wear effectively, there are special steels 
and heat treatment. 

Special steels containing the ordinary 


elements only, but having higher per-- 


centages of certain metals or metalloids, 
such as silicon steels containing 0.35 to 
0.40 % or manganese steels containing 
15 to 2.0 %, do not constitute in our 
opinion a sufficiently effective remedy 
against wear. 

On the contrary, those consisting of 
alloys including nickel chromium, logi- 
cally require a heat treatment after roll- 
ing. We think their price would be 
prohibitive. 

In our opinion, these solutions are 
only applicable in some special cases; for 
points, for example, the use of cast steels 
containing about 12 % manganese has 
become general. 

In. this connection, it may be men- 
tioned that we have on trial a level cross- 
ing made of nickel-chrome steel. 

In making switches, we shall use this 
year rails of steel made in the electric 
furnace. This steel has an ultimate 
stress of 70 to 80 kgr. (44.4 to 50.8 Engl. 
tons per sq. inch), and its great homo- 
geneity together with its purity leads us 
to hope for a better behaviour in the 
track. 

There remains the heat treatment of 
ordinary carbon rails, which appears to 
hold out good prospects. 

In point of fact, this solution is a sure 
corrective for the hardness of our basic 
Bessemer steel, and may give very inter- 


esting results from the point of view of 
resistance to wear. 

There are various patents in existence 
relating to the heat treatment of rails. 
They all have for their object the hard- 
ening of the upper surface of the head 
by a more or less rapid chilling, the 
residual heat stored up in the entire 
section being used to lessen the effect 
of too violent a hardening which might 
occur. 

According as to whether such a sys- 
tem uses air and steam under pressure, 
immersion only in water for a pre- 
determined time, or short and successive 
immersions in water, there would be 
obtained after the treatment, starting 
from the surface of the head, and extend- 
ing over a zone, the depth of which would 
vary according to the treatment, the me- 
tallographic constituents martensite, 
troostite, troosto-sorbite, sorbite, or the 
last-mentioned only, passing more or less 
abruptly into the normal perlitic struc- 
ture of ordinary steels. 


What the heat treatment of rails 
should effect. 


This is not the place to recommend one 
system in preference to any other. What 
does interest us, is the programme which 
is to be carried out, namely : 


To give the rail, by means of heat treat- 
ment, an accentuated hardness in the zone 
subjected to wear, so that it may offer suf- 
ficient resistance to wear, while improy- 
ing as far as possible its brittleness figure. 

Then again it is necessary to stipulate 
that the heat treatment should be correct 
and regular and should act in the direc- 
tion of safety. : 

Understood in this way, the heat treat- 
ment of rails constitutes, in our opinion, 
one of the most interesting solutions of 
the future, and at all events, a very effec- 
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Rais 30 Kgs 
poses en 1928. 
en courbe de 350"de 


Fig. 60. 


Figs. 57 to 60. — Dinant-Houyet line. — Lateral wear after one year’s service. 


tive means of improving the basic Besse- 
mer rail of average hardness without in- 
curring any considerable increase in 
price. 

It is a sure means of combating lateral 
wear of rails in short radius curves and 
for all places where the ordinary rails 
would wear too rapidly. 

This is a delicate matter, because to 
consider the problem of wear by regard- 
ing the rail only would be a serious error. 

All the parts which stress the rail either 

-directly or indirectly should be studied 
so as to resist or take their relative posi- 


Lxplanation of French terms: Rails 50 kgs ete. = 100.8-Ib. yer yard rails laid in 1928 in a curve of 3.0 m, (17 1/2 chains) radius. 


tions under the best conditions. By this — 
is meant the shape of the rolling surface 
of the rails, the tyres, bogies and cou- 
plings. 

Recently, in the course of an enquiry 
into abnormal rail wear, we found in- 
stances of excessive wear on sections of 
short radius track on the Dinant-Houyet 
line (figs. 57 to 60). 

Lateral wear to this extent, produced in 
less than a year, constitutes nothing less 
than a planing away of the surface and 
cannot be tolerated. 

The main cause of this state of affairs 
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‘chiefly lies in the stiffness of the heavy 
rails laid on sole plates, and also in the 
difficulty of making some locomotives 
inscribe themselves on the curves, 

The use of automatic lubricating devi- 
ces for the lateral face of the rails and 
the wheel flanges may form a remedy 
against these destructive effects, but if 
these means remain insufficient, it would 
be better to consider the gradual elimina- 
tion of the unsatisfactory locomotives as 
soon as possible, or at least to use them on 
lines where the curves are not so sharp. 


Oxidation. 


Against oxidation, from which on the 
whole we do not suffer very much, it has 
been recommended to use rails containing 
copper to the amount of 0.25 to 0.4 %. 

We have not tried these steels, but some 
American Railway Companies and the 
Italian State Railways have laid, by way 
of trial, sections of track of copper bear- 
ing rails, more particularly in damp 
tunnels where oxidation is most severe. 

It is too early to express any conclusions 
regarding them. 

In general, in order to combat oxida- 
tion, most railways have been satisfied 
hitherto in using rails of heavier section. 


RESULTS AND CONCLUSIONS. 


In the above, we have confined our- 
selves to defining the special tests and 
their results, but no mention has been 
made of the practical results obtained on 
rails in service. 

In order to complete this report, it may 
be stated that the statistics kept since 
1926, as a result of the resolutions passed 
by the Railway Congress held in London 
in 1925, enable us to supply the following 
information, as regards our railways (see 
table IIT). 

From the 47.9 fractures per 10000 000 


train-kilometres (6 250 000 train-miles) in 
4926, we have fallen to 35.64 in 1928. 

It would be very difficult to ascertain 
the exact proportion of this result which 
is due to the improvement in the quality 
of the rails, and that which ought to be 
attributed to the maintenance of the per- 
manent way and the strengthening of the 
superstructure. It may simply be stated 
that the combined efforts of the National 
Railway Company to remedy the short- 
comings of the permanent way have given 
appreciable results, and that we believe to 
be the essential matter. 

The table giving the percentages of 
fractures which have occurred at the 
fishings show that the question-of the 
joint still remains important, owing to the 
hammering of the rails opposite the fish- 
ing joints, and to the settling resulting 
therefrom. The use of heat treatment of 
all fishplates certainly constitutes an im- 
provement in the joint but as regards the 
rails, the capabilities of our industry are 
such as to enable us actually to consider 
the supply of a considerable proportion 
of rails of great length, such as 24 m. 
(78 ft. 9 in.). This increase would cor- 
respond to a suppression of 1/4 of the 
joints, and would make itself felt in redu- 
cing the number of fractures as well as 
improving the running conditions. 

Some railways — in France and Ger- 
many — have taken this matter up 
seriously, 

Welding of the’rails also offers a solu- 
tion to the problem of eliminating the 
joints, and the various tests which have 
been made in this direction will be follow- 
ed with interest. 

* = * 

There is nothing now but to conclude. 

A review has been made of the efforts 
made to improve the quality of rails — 
efforts which have been dominated by the 
anxiety in the first place to ensure safety. 
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The results obtained are encouraging, 
but merely form, let us hope, a stage 
towards more marked results. 

All arguments on the subject of the dif- 
ferent methods of manufacture have been 
left on one side. Most often, this type of 


discussion is merely to be regarded as a_ 


contest of interests, each country attempt- 


ing, and quite rightly, to use the raw 
materials which nature has placed at its 
disposal in its most immediate vicinity. 

As far as we are concerned, it is still 
our firm conviction that it is possible to 
manufacture good rails by all the ordin- 
ary manufacturing processes, provided 
the necessary care is taken. 


TaBLe III. 


Number of metric} Number of kilo- 
(English) gross |metres (of miles)) Number of train- 
of single track 

(main lines, 
in Belgian rails), 


tons hauled, 
passengers 
and goods. 


Years. 


(of train-miles). 


Total number 


train-kilometres 
of fractures. 


(per 6 250 000 
train-miles), 


kilometres 


1926 
4927 
1928 
4929 (2) 


(1) These figures include all the fractures in ordinary track, exgluding track fittings and rails merely split or 


32 015 984 064 
(31 540 320 000) 
30 268 616 207 
(29'790 554 000) 
30 627 547 734 
(30 143 816 000) 
32 888 219 364 
(32 368 782 000) 


exfoliated 
(2) The figures for 1929 were added at the time of going to press. 


6 602.288 
(4 102.5) 
6 632.000 
(4 424) 

6 749.202 
(4 193.8) 
6 827.935 
(4 242.7) 


Type of rails. 


74 817 188 
(46 490 060) 
70 260 794 
(43 037 420) 
69 905 495 
(43 438 020) 
14 561 667 
(46 334 280). 


359 (1) 
297 (4) 
249 (4) 
253 (4) 


Fractures 


in the fishing joint. 


than in the fishing joint. 


Fractures other 


——— 


I RL 
I Rm 
II RL 

I RL 
Ii Rm 
Ill RL 

I RL 
II Rm 
III RL 


1928 


—— he ee 


1929 (!) 


IRL = rails less than 42.5 kgr. (85 lb. per yard), 


VvI—6 


52:20 °]o 47.8 0 
62.28 /o 37.72 °Jo 
TA.AT fo 25.52 °/o 
55.76 °/o 44 24 %o 
78.87 24.13 of 

' 69.64 Jo 30.36 °/, 
54.16 fo 45.84 °/o 
718.5 > 26.5 
16.9 Jo 23.1 oo 


(1) The figures for 1929 were added at the time of going to press. 


II Rm = rails of 42.5 to 52.5 kgr. 85 to (105 lb. per yard). 
III RL = rails heavier than 53 kgr. (106 lb. per yard), 
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Individual axle drives for electric locomotives ©, 


By Ap-M: HUG, Ene RTHA; Ss. TALS bal De Cy As waheAc 


Consulting engineer at Thalwit (Zurich), Switzerland. 


Fi.s 1 to 24, py. 1611 to 1615, 


INTRODUCTION. 


Individual axe drive is assuming an 
ever increasing importance for locomo- 
tives using electrical energy as the mo- 
tive force. This refers both to tractors 
collecting the electricity while travelling 
from an overhead conductor or a rail, 
and to locomotives producing the elec- 
trical energy by means of an internal 
combustion engine, for example. The mo- 
tion of the armature of an electric motor 
being rotative, like that of the axles, it 
is logical to seek to transmit this motion 
directly, without the agency of connecting 
rods. There are, however, three special 
cases where the coupling of three (and 
exceptionally two) driving axles mounted 
on the same frame, may offer certain ad- 
vantages, either from the point of view 
of adhesion or from the constructional 
point of view, although these advantages 
are debated and opinions vary on the 
subject. These three cases are the fol- 
lowing : shunting locomotives or tractors 
which have to develop fairly considerable 
pulls at a high acceleration without, 
however, developing high speeds, and for 
which the use of a single motor is gene- 
rally more economical; mountain loco- 
motives, particularly those intended for 
work on steep gradients and under dif- 
ficult climatic conditions; finally, loco- 
motives intended for pulling heavy goods 
trains. The particular working condi- 
tions of a given railway will indicate 


(1) Translated from the French. 


whether it is profitable in the end, with 
certain types of engines, to arrange for 
the axles to be coupled in preference to 
the individual axle drive. 

There are, on the contrary, a certain 
number of cases where individual axle 
drive is indicated in preference to any 
other system, the reasons for this being, 
moreover, very different. In this con- 
nection, may be. mentioned tramways, 
rail motor vehicles and very particularly 
very fast locomotives with a speed of the 
order of 75 to 150 km (46.6 to 93.2 miles) 
per hour. 

While describing the various systems 
of individual drive, an attempt will be 
made to point out their respective qua- 
lities and to say a few words regarding 
the experiments which have been made 
by the railway companies who have tried 
or adopted them. 


* 
* 
The systems of individual axle drive 
may be divided into four main classes : 


a) Motors, the armature of which is 
mounted on the axle itself, the shaft being 
common to the armature and the axle, 
and the motor frame with the poles being 
suspended from the locomotive frame.. 
This system is called « gearless ». 


b) Motors suspended by the nose,. 


commonly known as « tramway suspen-’ 


sion »; these motors are suspended from 
the axle itself by means of two arm- 
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bearings fixed to the motor frame, in 
which bearings the axle turns, and also 
at their opposite end from the engine 
frame (bogie, truck or main frame). 
This suspension from the frame is gene- 
rally elastic (springs or rubber pads). 
This system implies that the axis of the 
motor should remain at any moment 
parallel to the axis of the axle. 


c) Motors mounted on the engine 
frame (main frame or bogie frame of a 
locomotive) and transmitting their power 
by means of elastic members enabling 
the shocks of the track and the move- 
ments of the wheels relatively to the 
engine frame to be compensated. We 
shall call this new category that of ele- 
vated suspension motors because they are 
necessarily placed above the axles. 


ad) Motors with bevel gear having their 
axis horizontal, inclined or vertical in 
a plane at right angles to the axle. This 
group is sub-divided into motors with 
vertical axis for very fast locomotives and 
motors with horizontal or slightly inclin- 
ed axis used on certain types of trams. 
The locomotives only will be dealt with. 


* 
* * 


The gearless drive (Class A) offers the 
very great advantage of avoiding gears, 
but on the other hand, it has appreciable 
- disadvantages : the total weight of the 
armature is not suspended since it is 
integral with the axle, from which results 
the fatigue of the track and of the stock. 
Owing to the vertical movements of 
the armature, the air-gap of the two- 
pole motor has to be large and cannot 
remain absolutely constant, nor can the 
brushes remain in the normal adjust- 
ment which is best for commutation. 
The armature forming one piece with 
the axle and the poles with the engine 


frame, the maintenance of the motors 
is a very complicated business. 


The first use of gearless drive, made 
in 1889 on the London Metropolitan Rail- 
way (The Underground), had its induc- 
tion winding also resting on the axle and 
bearing on the wheels . The whole weight 
of the motor was thus unsuspended and 
the wear and tear of the stock and of the 
track was excessive, so that this appli- 
cation was very soon abandoned. 


The gearless system is very interesting, 
however, and has been developed consi- 
derably in America, since the time of the 
patents taken out by J. Batchelder, who 
had the idea of transferring the induc- 
tion winding to the engine frame. Since 
1906, this system has been used by the 
« General Electric Company » of Schen- 
ectady, N. Y., on important groups of 
locomotives, namely 83 gearless engines, 
all having four driving axles, on the 
New York Central Railroad, of which a 
set of 35, type 2D,2, was fitted as long 
ago as 1906. The Baltimore and Ohio 
Railroad had three gearless, type B-B, 
engines in service in 1895, but these en- 
gines have now been withdrawn from 
service as being of a type which is too 
obsolete. All these engines were built 
for D. C. at 600 volts. 

In 1919, the Chicago, Milwaukee, St. 
Paul and Pacific Railway put into service 
5 engines with 12 driving axles, of the 
type 1B,+D,+-D,+B,1, of 4000 H.P., 
hourly rating, for D.C. at 3000 volts. 
The mechanical parts of the gearless 
locomotives are constructed by the Ame- 
rican Locomotive Company. 

Only one application has taken place 
in Europe, and it is that of the high 
speed locomotive No. 601 of the Paris- 
Orleans Railway, an engine which has 
also been constructed by the General 
Electric Company, and is described by 
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H. Parodi in the August, 1927 number of 
the Revue Générale des Chemins de fer. 
The writer considers that it would be 
premature to make a definite statement 
as to the actual value of this system, in 
view of the few occasions on which it 
has been used recently; the use of the 
system on the Paris-Orleans does not as 
yet allow any conclusions whatever to be 
drawn. 

Purely as a historical matter, it is inte- 
resting to mention at this point the gear- 
less hollow shaft drive, in which the ar- 
mature is keyed directly on a hollow 
shaft surrounding the axle shaft. The 
armature, that is to say, the hollow shaft 
carries pins which drive the axle through 
articulated couplings. A brief descrip- 
tion will be given in what follows of the 
oldest and most characteristic construc- 
tion of this system of drive (from which 
construction, moreover, most of the me- 
chanisms in use at the present time for 
individual axle drive are derived), the 
articulated coupling which the Ganz 
Works of Budapest applied in 1902 to 
the 4axle, type B,—B,, group E334 loco- 
motives, for three-phase current at 3 000 
volts and 415 cycles, of the Valteline 
Railway (Italian State Railways). 

Another construction which may be 
mentioned, but which will not be des- 
cribed here is that which the Westing- 
house Electric and Mfg. Co. of East 
Pittsburgh (Pa., U. S. A.), applied in 
41907 to 41 locomotives of the 1B,—B,1 
type on the New York, New Haven and 
Hartford Railroad, the maximum permis- 
sible speed of which is given as 140 km. 
(87 miles) per hour; the mechanical part 
of these locomotives was made by the 
Baldwin Works of Philadelphia (Pa.). 
For the purpose of refreshing the me- 
mory, mention may also be made of the 
system used in the trials of 1901 to 1903 
on the special three-phase motor vehi- 


‘eles, constructed by the German firms, 


the A. E.G. and Siemens-Schuckert, for 
a speed of 200 km. (124 miles) per hour, 
on the test line from Marienfelde to 
Zossen; the A.E.G. rail motor vehicle 


was fitted with a drive consisting of 
semi-elliptical leaf springs, placed back to 


back in pairs, fixed radially near the hub 
and acting on the periphery of the 
wheels by their flexible ends. 

Figure 1 shows the above-mentioned 
articulated coupling of the Ganz Works. 
M is the motor, rigidly fixed to the main 
engine frame. The armature is keyed 
on the hollow shaft W surrounding the 
shaft A of the axle. The end of the 
hollow shaft is provided with two arms 
K, and K,, to which are attached, by 
means of the pins Q, and Q., two small 
driving rods Z, and Z,. The other ends 
of the said rods are connected at U, and 
U, to two bellerank levers H, and H,. 
The two bell-crank levers pivot about two 
pins P, and P, fixed to the spokes S, 
and S, of the driving wheel R. The other 
ends T, and T, of the bell-crank levers 
H, and H, are connected together by a 
connecting rod G. 

The turning moment is transmitted as 
follows : when the armature rotates in a 
counter-clockwise direction (see the 
figure), the bell-crank levers H, and 
H, are compelled to turn in different 
directions relatively to each other about 
their pivot pins P, and P,. Owing to the 
rod G connecting the pins T, and T.,, 
the two bell-crank levers can only turn 
in the same direction about their pivot 
pins, and consequently, the reactions 
produced on the pins P, and P, impart 
a moyement of rotation to the driving 
wheel in the same direction as that of 
the hollow shaft. If, on the contrary; 
the hollow shaft moves parallel to itself, 
the bell-crank levers H, and H, are 
obliged to turn in the same direction 
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Fig. 1. — Articulated coupling of the Ganz Works, Budapest (1902). 


relatively to their pivot pins P, and P., 
which movement is allowed and controll- 
ed by the connecting rod G. The joints 
Q,, 2. and U,, U, are provided with 
spherical bearings, in order to allow of 
angular movements between the axle and 
the hollow shaft carrying the armature. 

It is easy to find a direct relationship 
between the working of this mechanism 
and that of several of the systems of 
individual axle drive which will be des- 
cribed in the course of this paper. 

* i * 

The tramway suspension motors 
(Class B) constitute the system of indi- 
vidual drive which is most commonly 
used. It is not the writer’s intention to 
describe here the modifications of this 
- system, regarding which complete details 
will be found in the technical literature. 


Almost all the tramways of the whole 


-world and the very great majority of rail 


motor vehicles are equipped with motors 
suspended by the nose, Im addition, a 
large number of companies also use this 
system for certain types of locomotives, 
whatever be the gauge. The French 
Midi and the Paris-Orleans Railways em- 
ploy chiefly BB engines (more correctly, 
B,-+B,), and use them frequently up to 
90 km. (56 miles) per hour; the State 
Railways also employ them for part of 
the electric services of the suburbs of 
Paris. The Paris-Orleans, in addition, is 
carrying out a trial for speeds up to 
410 km. (68.3 miles) per hour (variation 
of gear ratio) with some of these loco- — 
motives; as for the Paris-Lyons-Mediter- 
ranean Company, they are employing, in 
addition to others, a certain number of 
engines for goods trains of the type 
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1C,+€C,1, tram suspension motors, speed, 
80 km. (50 miles) per hour. In Spain 
likewise, the North Railways (Caminos 
de Hierro del Norte) already possess 
about fifty 6-axled locomotives (types 
C,—C,, series 6000 and 6100, C,+C,, 
series 7000 and 1C,+(C,1, series 7 100), 
with tram suspension motors, the most 
recent series of which can travel at 
110 km. (68.3 miles) per hour. The 
German State Railways are conducting a 
test, among others, on express engines of 
the type 1B,+B,1, likewise with tram 
suspended motors, designed for a maxi- 
mum speed of 110 km. (68.3 miles) per 
hour: this Administration has not yet 
issued any statement regarding the result. 
As regards rail motor vehicles, this 
system is commonly employed for speeds 
of up to 100 km. (62 miles) per hour. 
The uses of the tram motor form a 
very extensive subject, which will not be 
dealt with.at this place; the writer has 
merely restricted himself to mentioning 
a few large-scale constructions for high 
speeds, and he would like to repeat that, 
in his opinion, this system implying 
that half the weight of the motors is not 
suspended but is supported rigidly on 
the axles themselves, must necessarily 
fatigue the track and the stock much 
more than other systems with motors 
completely ‘suspended. It is evidently 
difficult to form an exact opinion on 
this subject, a decisive test being practi- 
cally impossible to make under working 
conditions. It may be admitted, however, 
that the destructive effect of the tram 
system, as well as in fact that of the 
gearless system, is less than that of steam 
locomotives, chiefly on account of the 
vertical components of the forces deve- 
loped by the moving masses. A great 
drawback of tram suspended motors is 
that if is impossible, without taking 
down either the motor or the axle, to 


separate mechanically the motor from the 
axle in case of an accident occurring 
while making a run. Most of the sys- 


tems of individual axle drive which will | 
be described in this paper allow this. 


mechanical separation to be performed in 
a very simple manner, provided they are 
designed for this purpose. It is certain, 
on the other hand, that the very great 
simplicity of the tramway suspension and 
its ease of upkeep compensate for other 
drawbacks. 

The examination which will be made 
in this paper thus amounts to a treat- 
ment of the aforementioned classes C€ 
and D, and more particularly from the 
standpoint of European practice. 


As a classification, the systems will be 
taken in the order of the number of their 
applications, taking into account, how- 
ever, the date of their introduction. 
Afterwards, the writer will content him- 
self with mentioning those systems which 
up to the present have only had a single 
experimental application. No reference 
will be made to those systems which have 
not been used. 


CLASS C. 


The system of axle drive which is 
certainly the most widely used is that of 
the Brown-Boveri firm, also known as 
the « Buchli » drive, after the name of 
its inventor, the engineer J. Buchli of 


Winterthur. More than 950 electric loco- - 


motives, of which, it is true, more than 
four fifths are in Switzerland, the coun- 


try of origin, are equipped with this 


system of axle drive. It has been stand- 
ardised for the express locomotives of 
the Swiss Federal Railways, single-phase 
current, 15000 volts, low frequency of 


er 


416 2/3 sw, series 10601 (type 2C,1) and 
40901 (type 2D,1), for several years al- 
ready. The same applies to the State 
Railways of the Duten East Indies ex- 
press locomotives, type 1D,1, series 3001 
(D. C., 1500 voits), where four locomo- 
tives fitted with this system are in ser- 
vice on the Batavian railways (+). In 
addition, large classes of these locomo- 
tives are in service in Germany, as also 
on the North of Spain Railways, which 
will be referred to later. 

The following is a brief description of 
this system of individual axle drive, the 
most common construction, that of a 
drive acting from one side only, is shown 
in figure 2. . 

The main gear wheel is placed outside 
the axle and on one side only, suspended 
in overhung fashion on the end of the 
shaft round which it turns, the said 
shaft being integral with the main frame 
of the engine. This gear wheel is pro- 
vided with two pins to be seen in its 
lower portion (elevation and _ section, 
figure 2). Two double levers, movable 
about these pins, are connected together 
by toothed segments,’ while the outer 
ends of the levers are connected by means 
of small rods on spherical bearings to 
fwo pins secured to the driving wheel, 
and visible in the figure in the uppeer 
portion of the wheel; these two pins 
pass through two sufficiently large open- 
ings provided in the inner side of the 
Lody of the gear wheel. This arrange- 
ment enables the gear wheel to be placed 
eccentrically relatively to the normal po- 


() See the Bulletin for February-March. 1929, of 
the Société Belge des Ingénieurs et des Industriels, 
Brussels, pages 142 145, the Revue Générale des 
Chemins de fer for May, 1928, page 378, and the 
periodical Elektrische Bahnen, Berlin, number for 
November, 1928, pages 340-342 


sition of rest of the axle (see fig. 2), the 
toothed segments, when the axles are 
rotating during running, compensating 
not only for the vertical displacements of 
the axle relatively to the locomotive fra- 
me, but also the eccentricity of the gear 
wheel. This enables the gear wheel to 
be placed higher in those cases where, in 
its normal position, it would encroach on 
the loading gauge. It is clear, on the 
other hand, that the wear of the driving 
members necessarily depends upon the 
degree of eccentricity. 

Apart from the applications on a large 
scale already mentioned, test locomotives, 
one or two engines, are in service on 
various railways; they are mentioned in 
the following, in which connection it 
should be noted that the powers given 
are per hour, on the wheel tread and for 
an average line voltage of 1350 to 1400 
(or double for systems of 3000 volts 
Ds), 


a) Two locomotives, type 2-D,-2, series 
301, 3600 H. P. speed 130 km. (81 miles) 
per hour, of the Orleans Railway Com- 
pany (P.-0.) (D. C., 1500 volts, standard 
gauge of 1435 m. = 4 ft. 8 1/2 in.) 
(see the article by H. Parodi in the 
Revue Générale des Chemins de fer for 
July, 1927). 

b) Two locomotives, type 1D,1, series 
7001, 2 200 H.P., speed 100 km (62 miles) 
per hour, in Japan, Japanese Govern- 
ment Railways, (D. C., 1500 volts, gauge 
of 1.067 m. = 3 ft. 6 in.) (fig. 2). 


c) Two locomotives, type 1D,1, series 
E. 465, 1800 H.P., speed 90 km (56 mi- 
les) per hour on the Czechoslovakian 
State Railways (D. C., 1500 volts, stand- 
ard gauge). 

d) One locomotive, type 2-C,-2, No. 
4002, 2200 H.P., speed 120/135 km. 
(74.6/83.9 miles) per hour, on the Great 


Brown-Boveri block, 


Fig. 2. — Brown-Boveri individual axle drive. (Japanese Government Railways, series 7001) 
(similar to the standard construction in Switzerland and in the Dutch East Indies). 


Indian Peninsula Railway, at Bombay 
(Indian State Railways main line elec- 
trification), (D. C., 1500 volts, gauge of 
1.676 m. = 5 ft. 6 in.), 


é) One locomotive, type 1D,1, No. 234, 
3200 H.P., speed 105 km. (65.2 miles) 
per hour, on the Paulista Railway in 
Brazil (D. C., 3.000 volts, track of 1.600 
m. = 4 ft. 44 in.). 


f) One locomotive, type 41D,1, test 
engine, 1000 H.P., speed 70 km. (43.5 
miles) per hour, on the Circumvesuvian 
Railway, at Naples, (D. C., 1200 and 
2400 volts, track of 950 mm. = 38 ft. 
1 3/8 in.) gauge only. 


The 1D,1 engines mentioned under b), 
c) and e), as well as those of the State 


Railways of the Dutch East Indies pre- 
viously mentioned, may also be referred 
to as being of the type 1A-AA-A1 (or 
4A-A,-A1), which term denotes the com- 
bination in bogies of external driving 
axles with carrying axles. 

The power developed per driving axle 
varies, according to the type and gauge 
between 250 and 900 H.P.; in most cases, 
there is only one motor per axle; rarely, 
as for example, for the Paulista and the 
Great Indian Peninsula, there are two 
twin motors per axle. It is interesting 


to note also that in the construction ap- . 


plied to the high speed engines of the 
Paris-Orleans and the North of Spain 
Railways, likewise previously mentioned, 
the axle drive is effected from both sides, 
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the traction motors having a pinion on 
each end of their shaft. The 2-C, + 
C,-2, series 7201 locomotives of the North 
of Spain have this feature, that in spite 
of the very wide gauge of 1.674 m. 
(5 ft. 6 in.), they have the frame outside 
the wheels; on account of this, the pivots 
of the driving wheels, to which the power 
is transmitted by means of the rods of 
the drive, face inwardly instead of out- 
wardly, and consequently, the two gear 
wheels are also of necessity situated with- 
in, say between the driving wheels, which 
requires the presence of a cylindricai 
tube (a hollow non-rotary shaft) sur- 
rounding the axle shaft. 

Unlike most of the other constructions 
with hollow shaft, it is here a question 
of a fixed tube which does not rotate 
with the axle, but is rigid relatively to 
the main engine frame and to the motor 
frame, being integral with these two 
parts. The two gear wheels form a bear- 
ing at their centre and rotate about the 
ends of this tube. These two gear wheels 
are each driven by a pinion on either end 
of the armature shaft. The drive mech- 
anism: in itself is, moreover, entirely 
unchanged; it is clear that, in this case, 
the gear wheels are secured in a much 
more ‘satisfactory manner than in the 
normal system, where the gear wheel is 
supported on one side only and in an 
overhung manner, as in figure 2. The 
power per hour at the tread rim of these 
locomotives of the North of Spain is 3 200 
H. P., and they are built for a maximum 
speed of 110 km. (68.3 miles) per hour, 
a remarkable figure considering the very 
large number of gradients on this rail- 
way. The North of Spain modification 
of the Brown-Boveri drive, as compared 
with the outside drive of the wheels, 


_ possesses the advantage of avoiding the 


eccentricity of the gear wheels with res- 


pect to the axle, usually necessary. on 
account of the limit imposed by the clear- 
ance. The closing of the openings re- 
quired for the passage of the pivots 
through the gear wheels is much more 
satisfactory and is much easier to main- 
tain when the gear wheel is concentric 
with the driving wheel. 

In what follows, what appear to be the 
particular advantages of the Brown-Bo- 
veri system will be pointed out, as well 
as its disadvantages, and what experi- 
ments have been made by the railways 
making use of it. Apart from the excep- 
tions which have just been mentioned in 
connection with the Paris-Orleans and 
the North of Spain, all the other con- 
structions have the axle drive on one side 
only, outside the driving axle as shown 
in figure 2 (*). At the beginning and 
with the first constructions, fears were 
entertained by some on the subject of 
certain points which appeared to be deli- 
cate, particularly the external overhung 
suspension of the large gear wheel, the 
armature supported in three bearings, the 
short distance between the upper portion 
of the tyre and the armature shaft (see 
fig. 2), and finally, the torsion couple of 
the axles, owing to the drive acting on 
one side alone. None of these drawbacks 
has made itself felt in practice, however; 
the construction of the Paulista locomo- 
tive, already mentioned previously, is par- 
ticularly interesting in this connection, 
because it transmits per driving axle on 
one side alone 800 H.P. (two twin mo- 
tors). The additional weight placed on 
the one side by the axle drives of all 
these engines is compensated for by all 


(4) The locomotive mentioned under /f, of the 
Circumvesuvian Railway (Strade Ferrate Secon- 
darie Meridionali, Napoli), however, bas the gear 
wheel between the axle wheels, against one of the 
wheels. 
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the mechanism concentrated in superim- 
posed stages on the opposite side of the 
locomotive , that is to say, on the side 
where the wheels are perfectly free tow- 
ards the outside. 

The writer considers that one of the 
main advantages, if not the greatest, of 
this system of axle drive applied on one 
side only is that it not only makes the 
motors and mechanism very accessible. 
but also makes it possible to supervise 
the whole of the electrical equipment 
directly from the door of one or the other 
driver’s cab. With the object of illus- 
trating this arrangement clearly, a pho- 
tograph is reproduced in figure 4, show- 
ing the interior of the locomotive, the 
view being taken along the main corri- 
dor (on the side of the axle drives) and 
providing some idea of the distribution 
of the electrical equipment; excellent 
accessibility to the mechanism is obtain- 
ed either by means of the transverse 
corridors between the motors, or from 
the outside through small doors in the 
locomotive body on the side opposite 
from that of the axle drive. 

It will be seen also that the accessibi- 
lity of the motors, the collectors, the 
gears and the drive is excellent. These 
advantages of accessibility and supervi- 
sion are the indirect advantages of this 
system; as direct advantages one may 
mention the possibility of eccentricity of 
the gear wheel relatively to the axle 
(fig. 2), and the considerable flexibility 
in all directions of this drive, which 
flexibility enables, in particular, the trac- 
tive effort of the motor, fixed in the 
main frame, to be transmitted to a driv- 
ing axle combined in bogie with the 
carrying axle, and consequently being 
able to turn about a fixed point. On the 
other hand, an appreciable disadvantage, 
which is not moreover inherent to this 


system alone, but may be seen in numer- 
ous types of locomotives, particularly 
having coupled axles, lies in the fact that 
in order to remove a motor from the 


locomotive, it is necessary partly to dis- | 


mount the locomotive or at least to re- 
move part of the roof. 

A certain number of locomotives with 
axle drive on one side alone, have been 
provided with « Java» type bogies, con- 
necting the carrying axle with the outside 
driving axle, and which has been des- 
cribed by the present writer in the May 
1928 number of the Revue Générale des 
Chemins de fer, already mentioned, pages 
379-380, figures 5 and 6; to be mention- 
ed are the locomotives of this type in the 
Dutch East Indies (first application dis- 
covered. by the writer in 1922, whence 
the name of Java), in Czechoslovakia, in 
Japan, by the Paulista Railway, and also 
partly by the Swiss Federal Railways 
(see below). In Germany, the arrange- 
ment of the bogie is similar to the Krauss- 
Helmholtz system. In all these construc- 
tions, the motor (single or twin) is fixed 
in the main frame of the locomotive and 
the drive is transmitted from the large 
gear wheel, likewise fixed relatively to 
the frame, to the driving wheel movable 
with the axle. 

The chief drawback of the Brown-Bo- 
veri system lies in the fact that it is 
difficult to close in a reliable and lasting 
manner the openings of the gear box, 
which are rendered necessary for insert- 
ing the pins in the wheels and connected 
to the driving rods; the movements of the 
axle relatively to the frame, as also the 
eccentricity, require these openings to be 


comparatively wide (see figure 2 and the. 


upper left hand quarter of the wheel in 
figure 3). Another drawback of this 
system lies in the fact that it is practi- 
cally inapplicable (and in fact has never 


been applied) to goods engines, the gear 
ratio necessitating in that case too great 
an eccentricity with respect to the wheel 
diameter, or encroaching downward on 
the clearance gauge. One may mention 
still further, as a disadvantage of this 
system, as compared with others, consi- 
dered altogether relatively, moreover, the 
spherical bearings (necessitated by the 
flexibility in all directions, which is, in 
its turn, an advantage of the system, as 
already mentioned), which require a 
complicated system of pressure lubrica- 
tion ; various other systems, however, 
possess this disadvantage, but perhaps in 
a less pronounced degree. In addition, 
since the moment of rotation is transmit- 
ted rigidly from the axle to the gear 
wheel, it is necessary to provide the 
pinion with a rim which is flexible 
relatively to its hub, evidently a com- 
plication from the point of view of 
construction and maintenance. Finally, 
the system, at least when the drive is 
transmitted on one side only, requires 
the armature shaft to be supported in 
three points, by three bearings (the two 
shield bearings of the motor, and the 
outer bearing on the gear, a shaft end 
projecting beyond the pinion, see fig. 2) 
which is statically unstable; experience 
has shown, however, that no drawbacks 
while running have resulted from this 
fact either. Last of all, it may be stated 
that upkeep is expensive, owing to the 
comparative difficulty of assembling all 
the parts. 

The Swiss Federal Railways (CFF), 


possess at the present time in their equip-- 


ment of electric locomotives, more than 
200 engines fitted with the Brown-Boveri 
drive, all built by the Winterthur Loco- 
motive Works (the electrical equipment 
of most of these engines is that of Brown- 
Boveri, others are of Oerlikon, and some 
of Sécheron (of Geneva). Of the number 


mentioned, more than 100 locomotives of 
the 2-C,-1 type (designation CFF Ae 
3/6 I, series 10601), and consequently 
having three driving axles, power per 
hour 2000 H.P., speed 90 km. (56 mi- 
les) per hour, have now had at least three 
years’ service and have run at least 
100000 km. (62100 miles). The first 
locomotives of this type were put into 
service in 1924 and have been running 
therefore for nine years. In addition, 
the Swiss Federal Railways also possess, 
forming ‘part of the 200 above mentioned, 
a large series of 2-D,-1 type locomotives 
(Ae 4/7, series 10901), with four driving 
axles, power per hour of 2700 H. P., 
speed of 100 km. (62 miles) per hour, 
of which forty new ones will be built 
in 1930; 22 of these engines have like- 
wise been fitted with a modified « Java » 
type of bogie, on the back unsymmetrical 
side. where the single carrying axle is 
combined in a bogie with the No. 4 driv- 
ing axle (this particular type is in 
consequence denoted by 2-A,-A1); on the 
front side, the engine has a double-axled 
carrying bogie, mainly supporting the 
weight of the transformer. Figures 3 
and 4 refer to locomotives of these types. 

The trials made by the Swiss Federal 
Railways with this system of drive have 
certainly been very satisfactory, since these 
Railways have been induced to standar- 
dise this type. The only reproach which 
the Swiss Federal Railways make lies in 
the difficulty of satisfactorily closing the 
openings, the dust and foreign bodies 
which find their way in, causing in time 
rather considerable wear of the spherical 
bearings of the rods. 

The railways, which after the Swiss 
Federal Railways, possess the greatest 
number of engines with the Brown-Bo- 
veri individual axle drive are the Deut- 
sche Reichsbahn-Gesellschaft (German 


Fig. 3. — Standardised locomotive, type 2—Cy)—4, of the Swiss Federal Railways. | 
Axle drive side, sides removed. 


Fig. 4. — Interior view of a stan lardised locomotive, type 2—D,—1, of the Swiss Federal Railways; 
longitudinal corridor on the side of the axle drives. 
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State Railways), already mentioned. 
At the present time they possess 
17 locomotives of the 1D,1 type (or more 
exactly, 1A-AA-A1), series 16 (No. 16.01 
and the following) of which ten have 
been in service for nearly four years and 
seven are of recent construction. These 
engines are perfectly symmetrical, with 
transformer in the middle (single phase, 
high tension, low frequency) and have 
the carrying axle combined with the 
driving axle in a Krauss-Helmholtz bogie. 
The Management are very satisfied with 
the trials made so far with this system 
of axle drive. These locomotives have 
been built by the Brown-Boveri works at 
Mannheim as regards the electrical parts, 
and by the locomotive works of Krauss 
and Co., at Munich as regards the me- 
chanical parts. 

The trials made in the Dutch East 
Indies have likewise been very satisfac- 
tory, since as has already been mentioned, 
they have resulted, as in Switzerland, in 
the standardisation of the Brown-Boveri 
system of drive for the express locomo- 
tives. The disadvantage of the closing 
of the openings for the driving pivots 
has made itself less felt in Java than in 
Switzerland : the first two engines 3004 
and 3002 have been in service for almost 
5 years and each of them has already 
run over 100 000 km. (62 100 miles). 

Finally, on the Paris-Orleans, the sys- 
tem has also given very good results, and 
the engines are working to the complete 
satisfaction of the technical departments 
of the Company. At the present time, 
these two locomotives have run nearly 
400 000 km. (248 400 miles). As regards 
the other test engines which have been 
mentioned, they appear to be giving good 
results everywhere. 


* 
The axle drive, which after the Brown- 
Boveri drive has had the greatest number 


of applications (also about 240 locomo- 
tives, including the American engines) is 
the Westinghouse quill drive. The axle 
on the left of figure 5 shows this drive 
in its original form, in which it was 
applied in the United States by the West- 
inghouse Electric and Mfg. Co., then in 
Europe on an express locomotive of the 
North Eastern 2-C,-2 type (England), and 
by the Société anonyme des Ateliers de 
Sécheron of Geneva for 43 locomotives 
of three different types (1B,1 + B,14, 
2-C,-1 and 4-C,-1, respectively, Be 4/7 I, 
Ae 3/6 II and Ae 3/5 I), provided by 
this firm for the Swiss Federal Railways. 

This drive, as also others derived from 
it, to be described later, implies an out-. 
side frame and requires the provision of 
a hollow shaft in which the axle rotates : 
on the hollow shaft itself, which trans- 
mits at both ends the driving couple to 
the wheels, is mounted the main gear 
wheel (or the two gearwheels, if gearing 
on both sides is required, a point which 
is regarded differently by different un- 
dertakings). The entire mechanism 
formed by the hollow shaft, its transmis- 
sion arms and the gears, turns in bear- 


‘ings provided for the purpose in the 


lower portion of the motor frame, gene- 
rally provided in the form of a twin 
motor. The ends of the hollow shaft are 
provided with plates, to the number of 
six, which penetrate between the spokes 
of the wheels; dishes in which are held 
the springs are secured to these plates, 
each dish being secured by means of an 
arm and three bolts (shown very clearly 
in figure 5 near the hub). The other 
ends of the springs rest on corresponding 
dishes secured by two bolts to the spokes 
themselves of the driving wheels. All 
the springs, therefore, are always stretch- 
ed only in one direction of running, and 
are compressed only in the other direc- 
tion, which results in fatigue of the ma- 
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terial already reflected in the breaking 
of many springs. 

A modification of this system is that 
shown on the right of figure 5, which 
was patented by the previously-mention- 
ed Ateliers de Sécheron. It will be seen 
that three points only (instead of six) 
connect the ends of the hollow shaft to 
the driving wheel through interposed 
springs. These three points of attach- 
ment are each connected by two springs, 
on both sides (therefore symmetrically 
with respect to the two running direc- 
tions) to three fixed points on the driv- 
ing wheel; in this way, of two twin 
springs, one is always in tension and the 
other always in compression for the same 
running direction, and vice versa for the 
other direction. The effort of a driving 


point is therefore now always distribut-. 


ed over two springs; in addition, in this 
new construction, the springs may be 
made longer (number of coils). The 
essential difference between the system 
shown on the left of figure 5 and that 
on the right, lies in the fact that each 
point of attachment does not support 
one spring alone, starting in the same 
direction, but, as already mentioned, two 
springs acting both ways. This modified 
system was used for the first time with 
considerable success on the large mount- 
ain locomotives, type 1-C,+-C,-1, series 
201, 4500 H. P., hourly rating, speed 
75 km. (46.7 miles) per hour, supplied 
by the Ateliers de Sécheron, of Geneva, to 
the Bernese Alps Railway Company, 
(Berne - Lotschberg - Simplon), Switzer- 
land, singlephase, 15 000 volts, 15 cycles, 
standard gauge, twin motors mounted on 
the bogie frame, axles driven by two gear 
wheels placed at both ends of the hollow 
shaft, with helical teeth (see fig. 7). Two 
engines of this type have been in service 
for several years and work a heavy traf- 
fic; the mechanical part of these loco- 


motives was constructed by the Ernesto 
Breda per Costruzioni Meccaniche Com- 
pany of Milan. 

Another interesting application, alth- 
ough a single one is that of the small 
B,-B, mountain locomotive of the Ber- 
nina Railway in Switzerland {long grad- 
ients, 1 in 14.3, by adhesion on a metre 
track in the high mountains, highest 
point 2256 m. (7400 feet), consequently 
very difficult adhesion conditions espe- 
cially in winter]. 

Finally, 29 locomotives of the Austrian 
Federal Railways (single phase, 15 000 
volts, 16 2/3 cycles, normal gauge), 
B,+B, type, series 1170, i360 H. P., 
speed 60 km. (37.3 miles) per hour, pas- 
senger train locomotives, have been fitted 
with this system with perfect success. 
These engines, which were supplied by 
the Elin Company (mechanical part by 
G. Sig] Locomotive Works, Wiener Neu- 
stadt, and the Wiener-Lokomotiv-Fabriks. 
of Vienna-Florisdorf), have also been 
constructed with gears on both sides. As 
shown in figure 6, the gearing is helical 
and in different directions on both sides, 
as moreover for the Létschberg locomo- 
tives. 

The motors, which in this case are 
single and not twin, that is a single 
motor per axle, carry the hollow shaft in 
their bearings which are integral with 
the motor frame; their axis is not in the 
vertical plane of the axle, but is displa- 
ced relatively to the axle towards the in- 
terior of the bogie, and are rigidly 
secured to the bogie frame. This special 
arrangement, which offers some resemb- 
lance to a bogie with two tram suspended 
motors, does not in the least alter the 
system of drive. 


It appears that the Sécheron modified 


drive has given better satisfaction in 
running than the original quill drive, the 
Austrian Federal Railways, and the 


actin i 


Sécheron block. 


Fig. 5. — On the left: Driving axle equipped with the Westinghouse quill drive ; 
on the right, the Sécheron drive mechanism. 


Elin block. 


Fig. 6. — Driving axle ‘of the series 1170 locomotives of the Austrian Federal Railways. 
(Same drive as on the right of fig. 5 and in fig. 7, Lotschberg locomotives), 


Fig, 7. — Driving bogie of a 200 series locomotive of the Létschberg Company. 
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Létschberg Company being very satisfied 
with this drive, which also possesses the 
advantage of allowing of a smaller dia- 
meter for the driving wheels than does 
the quill drive; the smallest diameters 
which are constructionally permissible 
for the two systems are about 1.600 and 
1.350 mm. (5 ft. 3 in. and 4 ft. 5 5/32 in.) 
respectively. The writer also believes 
that the quill drive (and obviously also 
its modifications) is the one giving the 
best adhesion conditions, especially for 
mountainous and winter service. In fact, 
as soon assone of the pairs of wheels 
begins to slip, the springs are immediat- 
ely relieved of load and give, which forth~ 


with brings the traction effort below the . 


limit af adhesion. At this moment, the 
other pairs of wheels are induced to slip 
in their turn. Thus;‘at the beginning of 
starting, a sort of rolling i is set up among 
the pairs of wheels commencing to slip, 
and generally, the engine gets well under 
way before any pair slips to a serious 
extent. 

In this connection, the present writer 
has béen able to make numerous obser- 
vations on the previously mentioned large 
engines of the Loétschberg, which up to 
quite recently were the most powerful in 
the world, and which have a very heavy 
service to perform in hauling, and even 
starting, loads of up to 550 and 600 tons 
on gradients up to 1 in 37. The question 
of adhesion being itself intimately bound 
up with the individual axle drive, the 
following statements regarding these 
Létschberg engines should prove of in- 
ferest. 

As may be seen in figure 7, these loco- 
motives were equipped at the outset, as 
is still generally the case, with several 
sanders, by which sand could be pro- 
jected under each driving wheel, and in 
each of the two running directions. Now 


it is known that when in service, the 
sanding gear of electric locomotives 
frequently works badly, which has also 
been the case on the Létschberg Rail- 
way, especially in winter. Experiments 


made during running led the Lotschberg — 
Company to do away with all the sand- | 


ers (16 in number, 8 of which being 
double) fixed between the wheels to the 
bogie frame, and to replace them by two 
large sanding devices only, fixed to the 
back wall of each of the two driving cabs. 
Each of these two sanders supplies sand 
to the first driving ale alone of the 
locomotive, in teach ruining direction, 
and this® “has proved perfectly sufficient, 
especially during the winter of 1928- 99, 
which was exceptionally severe. 

For the sake of completeness, refer- 
ence ought to be made at this point, 
before proceeding to the third modifi- 
cation of the quill drive, to two other 
particular constructions, one used on the 
French State Railways, and the other on 
the Paris-Lyons-Mediterranean Railway. 
The old B,-B, rail motor vehicles, series 
5001, put into service in 1899 by the 
Compagnie des Chemins de fer de l'Ouest, 
now the French State Railways, for their 
lines in the suburbs of Paris and more 
particularly for the tunnel on the Inva- 
lides-Versailles line, were constructed for 
D. C. at 500 volts, third rail, and are still 
at work, under 650 volts, after 30 years’ 
service. Their drive mechanism, which 
is on alternate sides for each axle, except 
for a few details, is the same as the pre- 
sent patented Sécheron arrangement. A 
hollow shaft, at one end of which is 
mounted a triangle perpendicular to the 
axle, surrounds the axle shaft. This hol- 


low shaft, on the first engines supplied | 


by Westinghouse, turns in the bracket 
bearings of the motor frame; in the later 
engines, the electrical equipment of 
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which was supplied by Brown-Boveri, the 
hollow shaft forms the armature shalt 
itself. The mechanical part of the rail 
motor vehicles was supplied by the Bau- 
me and Marpent Works. In its first 
form (Westinghouse) this mechanism 
could also be classed under a_ special 
heading in the « tramway suspension 


types » and in its second form (Brown- 
Boveri) in the category of « hollow shaft 
gearless ». The three apexes of this 
triangle each carry a pivot pin N (see 
fig. 8) parallel to the shaft and pointing 
outward. The axle wheel, near the 
triangle also caries three similar pivot 
pins M, directed inwardly, the six pins, 


A. Hug photo. 


Fig. 8. — Axle and drive of a series 5001 rail motor vehicle 
of the French State Railways. 


when the machine is at rest, being loc- 
ated on the same concentric circle as the 
axle and the hollow shaft; consequently, 
the six pins alternate from the triangle 
to the wheel, and each is connected to 
the pivot pins on either side by a pair of 
helical springs. Each spring, visible in 
the figure, has within it a spring of 
smaller diameter coiled in the opposite 
sense, and is thus double. The end of 
the hollow shaft opposite the triangle 
carries the gear wheel which meshes 
with the pinion. This device (which 
appears to have been, for the Westing- 
~house firm, a forerunner of the quill 


VI—7 


drive) provides a very flexible transmis- 
sion, but causes frequent breakage of the 
springs, the latter being subjected suc- 
cessively or simultaneously to compres- 
sion, tension, bending and finally tor- 
sion. It should be remarked that this 
drive is placed on the inside that is to 
say, behind the wheel, looking from the 
outside. 

Finally, the above-mentioned applica- 
tion on the Paris-Lyons-Mediterranean 
Railway relates to the drive of two of the 
four driving axles of the test engine 
242.AE.1 supplied to the Paris-Lyons- 
Mediterranean Company by the Société 
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“Alsacienne de Constructions Mécaniques, 
of Belfort (now the Société Als.-Thom.). 
This drive, which is very similar to that 
mentioned above, but which is outside 
the axle, is described in the January 1927 
Bulletin of the said Société. 

A third modification of the quill drive 
is that of the AEG (Allgemeine Elek- 
trizitats-Gesellschaft, Berlin), and which 
so far has been used on 40 express elec- 
tric locomotives of the German State 
Railway Company (Deutsche Reichs- 
bahn Gesellschaft). This drive differs 
from the original quill drive and the 
Sécheron modification in that all the 
springs are now subjected to compression 
alone, a considerable advantage, since in 
the two other drives aforementioned. the 
springs are subjected, in addition to 


compression, to tension, torsion and bend- ~~ 


ing. As may be seen in figure 9, there 
are in this case also six points of attach- 
ment to the hollow shaft, which corres- 
pond to the driving points in figure 5 
(left hand side). These points of attach- 
ment support by means of an arm a 
small bearing ring in two parts, the said 
bearing retaining on both sides two 
sleeves enclosing between them a single 
spring for each of the driving points, 
that is to say six springs in all for each 
wheel. A rim flanged at the opening 
limits their outward play, but their in- 
ward play on the contrary is free, which 
allows of the compression of the spring 
as soon as a tangential force acts from 
the gear wheel (or inversely, from a 
spoke of the driving wheel). In addition 
the spring is entirely free, while being 
enclosed, and is thus subjected to the 
minimum of wear and is protected from 
dust and damp. It cannot be questioned 
that this drive constitutes some improve- 
ment on the others, although it is of 
necessity a little more complicated, espe- 


cially as regards the number of parts. It 
is very simple to take down, since it is 
merely necessary to take away the upper 
part of the small bearing rings holding 
the two sleeves which enclose a spring. 


Experience has shown that the wear’ 


caused by the friction of the sleeves (the 
bottom forming a sort of buffer) against 
the small hardened plates bolted to the 
bearing surfaces on the spokes of the 
driving wheel is a minimum, all the more 
so since these parts may be made of very 
hard metal. 

Of the 40 locomotives of the German 
State Railways, equipped with this drive, 
the first two were built according to the 
2-D,-1 type (the lack of symmetry was 
due to the transformer); these are the 
two engines of the 21 series (Nos. 21.04 
and 24.02), one of which has been in 
service for nearly four years, and the 
second for more than one year; the fol- 
lowing 38 engines, series 17 (Nos. 17.101 
and the following), symmetrical, 1D,1 
type, equally for 20 tons load per driv- 
ing axle, have been put into service in 
succession during the last two years. 
These engines have been built by the 
AEG as regards both the electrical and 
the mechanical equipment and _ this 
modified axle drive bears the name of 
that firm. The Siemens-Schuckert Works 
collaborated as regards the electrical 
equipment. As regards the experiments 
made with this individual axle drive, the 
Railway Company has expressed the opi- 
nion that up to the present the results 
have been very favourable, but that it is 
not yet possible to make a definite state- 
ment. The axle drive of these locomo- 
tives is likewise effected by means of a 
single gear wheel per axle (secured to 
one of the ends of the hollow shaft) with 
which gear wheel the two pinions of the 
twin motors mesh (fig. 9). 
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Fig. 9. — Axle with twin motor set, 
fitted with A EG drive. 


Figure 10 shows an express locomotive 
of the series 17 of the German State Rail- 
ways; an interesting application may be 
seen on the one hand of the Isothermos 
system of boxes to the driving axles, and 
‘on the other, the use of a forked radius 
rod on the outer. driving axles, which 
connects the displacements of the carry- 
ing axle with the driving axle, thus 
improving the running qualities on cur- 
ves. This device is derived from the 
‘Krauss-Helmholtz system of guided carry- 
ing axle acting on the first driving axle. 

It may be of interest to mention at 
this point that the 10 locomotives of the 
2-C,1+1-C,2 type (one of which is of 
the double engine 2X2C,2 type) for a 
maximum speed of 105 km. (65.2 miles) 
or 90 km. (56 miles) per hour, equipped 
‘in 1920-1922 by the Westinghouse Com- 
pany with the original quill drive and 
supplied to the Chicago, Milwaukee, St- 
Paul and Pacific Railway, have recently 


been converted and provided with the 
AEG axle drive. 

As advantages and disadvantages which 
are peculiar to the Westinghouse quill 
drive or its derivatives, it may be stated 
in addition, that even though the ability 
of the driving axle to move transversely 
or radially while running (for example, 
as in the combination mentioned above) 
is yery limited, this system still possesses 
considerable advantages as compared 
with others. 

The Westinghouse drive has no linked 
joints and no friction contacts; the parts 
of which it is composed are very simple 
and all of them are very easily replaced; 
lubrication is extremely simple and the 
oil consumption is very low. In view of 
the great elasticity of the transmission 
of the torque between the motors and the 
axle, solid pinions may be provided, thus 
avoiding the complication of springs bet- 
ween,the hub and the toothed rim of the 
pinion. A wide range of gear reduction 
is possible, which enables this type of 
engine to be used for all services. A very 
great advantage of this drive is the possi- 
bility of dismounting a complete driving 
axle very simply from below (with ‘its 
motor or twin motors), without the ne- 
cessity of removing the roof of the loco- 
motive and partially dismounting the 
body; it is true that special plant is re- 
quired to drop the axles, but all modern 
depots possess such plant. A very great 
advantage, as has been mentioned alrea- 
dy, lies in the fact that this axle drive 
only gives rise to a minimum of slipping 
when starting up under difficult condi- 
tions. y 


* 
* * 


The next system of individual axle 
drive to be discussed will be the first 
system of the Ateliers de Construction 
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Fig. 10. — Express locomotive of the series H. 17, No. 118, type 1—D,)—41, 


of the German State Railways, with AEG axle drive. 


Oerlikon in Switzerland. This is the 
drive which was employed in 1924 on a 
test locomotive of the type 2-B,+-B,-2, 
No. 242 BE I, with twin motors, 2 400 
H.P., speed 110 km. (68.3 miles) per hour, 
of the Paris-Lyons-Mediterranean Rail- 
way Company (D. C., 1500 volts, current 
collection by third rail), and previously, 
to a three-phase motor vehicle on the 
Berthoud-Thoune Line, in Switzerland, 
standard gauge. Recently, in 1929, the 
Paris-Lyons-Mediterranean put int. ser- 
vice four 2-C,+C,-2 super-locomotives, 


series 262 AE I, 5 400 H.P. hourly rating, 


equipped with this system of axle drive 


like the test engine; these locomotives 
which it is interesting to mention here 
because they are at present the most 
powerful units in the world, were sup- 
plied by the Oerlikon Company (electri- 
cal part) and the Société de Construction 
de Locomotives (Batignolles-Chatillon) 
of Nantes, as regards the mechanical 
part. . 

A brief description of this drive will 
be given in what follows. The drive 
(fig. 14) necessitates a hollow shaft and 
is used with outside frames. On the 
wheel itself are fixed, on the outside, 
two pivot pins placed on either side of 
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the axle and at an equal distance on the 
same diameter. These two pins are con- 
nected by rods having internal springs, 
to one end of two levers also arranged 


symmetrically relatively to the axle. 
These levers are connected at their cen- 
tres, through openings in the dises of the 
driving wheels, to the hollow shaft which 
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Fig. 11. — Driving axle with Oerlikon drive 
(express superlocomotives of the Paris-Lycns-Mediterranean Railway). 


carries the main gear wheel. The other 
ends of the two levers are connected 
together by a rigid rod opened out in the 
shape of an O in the centre allowing the 
axle journal to pass through, and em- 
bracing it. Here again a single gear wheel 


per axle with which mess the pinions of - 


the two armatures of the twin motor, 
drives the hollow shaft ‘on which it is 
secured. On the other hand, the driving 
couple is transmitted from both ends of 
the hollow shaft to the wheels of the 
axle (see fig..11). 

On the Paris-Lyons-Mediterranean, this 
system appears to have afforded complete 
satisfaction to the Company, since they 


are using it on their most up-to-date and 
most powerful locomotives; still, it would 
appear to be risky to make any definite 
statement yet as regards the practical 
value of this drive, in view of the fact 
that the experiments made so far are not 
very extensive; it is certain, however, 


‘that this method.of axle drive has not 


given any trouble during the past years, 
and that it represents one of the interest- 
ing systems in present use. It possesses 
the advantage of being very simple in 
construction, and not very expensive in 
upkeep; the transmission rods, in parti- 
cular, allowing a considerable extension 
in virtue of their springs (which have an 
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initial load of 3 000 kgr. (6600 Ib.), trans- 
mission of the effort is elastic without it 
being necessary to provide pinions with 
spring-supported rims. In various res- 
pects, as regards its practical value in 
running, this drive compares with the 
Westinghouse drive which has already 
been described. The other, more recent, 
Oerlikon system of individual axle drive 
will be discussed in connection with the 
isolated constructions. 


* 
* * 


In order of seniority of application, we 
now come to speak of the Skoda axle 
drive, patented and constructed by the 
Skoda Works at Plzen in ‘Czechoslovakia. 
This drive has been in use since 1926 on 
a series of five express locomotives, 
series E. 466, type 1A-AA-A1, 1 600 H.P., 
speed 90 km. (56 miles) per hour, of 
the State Railways of the Czechoslova- 
kian Republic, already mentioned. The 
Skoda axle drive is shown in figures 12 
and 12; it also presents much resemblance 
with the system of the Ganz Works, men- 
tioned at the outset (fig. 1). Two levers 
AB and A’B’ are fixed at A and A’ in 
the body of the driving wheel, and 
can turn freely about these two points, 
their movement being limited, however, 
by the driving frame as a whole; these 
two levers are connected together at 
their other ends B B’ by a rigid rod, 
the distance between the two points B B’ 
being exactly the same as that between 
the points A A’. The four points A B B’ A’ 
thus form a regular parellogram with 
variable angles. Two rods C D and C’ D’ 
are attached to the two levers AB and 
A’B’ at C and C’, the heads D and D* 
of which rods turn about pivots fixed to 
the body of the main gear wheel; the 
arrangement is very clearly shown: in 
the two figures mentioned above. The 


motion of this drive is effected as foll- 
ows (fig. 12) : 

When the gear wheel is moved in the 
clockwise direction for example, the rod 


DC is pulled and tends to turn the lever | 


AB to the left about the point A, whereas 
a thrust is exerted on the rod C’ D’; this 
thrust tends to make the lever A’ B’ rotate 
downwards to the right about the point 
A’. These movements are prevented, 
however, by the compensation rod BB’; 


‘the points B and B’ then become the 


points of rotation. The lever A B turns 
upward to the left about B, and the lever 
A’ B’ turns downward to the right, about 
the point B’; these two combined move- 
ments drive the wheel and consequently 
the axle in a clockwise direction. In the 
opposite direction, the motion is eftected 
in the same manner, except that in this 
case the compensation rod BB’, instead 
of being subjected to a pull, is subjected 
to a thrust. The angular speeds about the 
pivots D and D’ and those of the levers 
about the points A and A’ are absolutely 
the same, that is to say, no acceleration, 
either positive or negative, of the driving 
wheel relatively to the gear wheel can be 
produced, and these two members run in 
perfect synchronism, which avoids the 
production of destructive efforts in the 
entire device. The shocks transmitted to 
the driving wheel by the inequalities in 
the track are transmitted to the paralle- 
logram A B B’ A’ with the pivot pins CC’ 


_as points of rotation, without affecting 


the synchronism of the rotary motion of 
the two wheels; this synchronism is like- 
wise preserved when, owing to shocks 
from the track or in curves, the axis of 


the axle loses momentarily its parallel _ 
position to the hollow shaft; finally, the _ 


synchronism is naturally maintained 
when the distance between the wheel and 
the gear wheel varies slightly, which is 


2s) ee. 


a 


i 
i 
Aas 


{ 
Li 


aw || 


iS 
Si 


SKODA. Bie ks 
Se 


Fig. 42. — Section and elevation of an axle with twin motors, Skoda drive, 
of the Czechoslovakian express locomotives. 


Fig. 13. — Driving axle showing the mechanism of the Skoda drive. 


rendered possible by spherical bearings The mechanism of the Skoda coupling 
at D and € and enables moreover, a driv- may be used either on one side only of 
ing axle to be combined with a carrying the axle with the possibility of alternat-: 
axle in a bogie. ing the driving side (this is the construc- 
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tion which has been selected for the 
Czechoslovakian Railways), or on both 
sides, in which case there are two gear 
wheels, one on either end of the hollow 
shaft. The driving motors may be either 
single or twin for the same driving axle. 
Figure 14 shows the hollow shaft with 
the gear wheel with a rim which is elastic 
owing to four spiral springs; in this 
figure will be-seen also, at the level of the 
gear wheel, the hole intended for secur- 
ing the pivot D’. On these Skoda loco- 
motives, the Nos. 1 and 4 driving axles 
are combined respectively with the carry- 
ing axle in a completely independent 
bogie, comprising in its frame the twin 
motors complete with their aale driving 
mechanism; the centre of rotation of the 
bogie is situated between its two axles, 
close to the driving axle, 

The Skoda axle. drive has the advan- 
‘tage of being extremely simple, both 
from the point of view of its construction 
and its parts, and from the point of view 
of assembling; the transmission members 
are very accessible, all that is necessary 
for this is to take off the protecting plate 
bolted to the wheel; this cover has been 
removed from the axle shown in figure 13. 
The lubrication of the parts is fairly 
simple and the oil consumption is low. 
Finally, the method of closing the open- 
ing intended for the passage of the pivot- 
pins D and D’ in the body of the driving 
wheel is simple, there being no eccen- 
tricity and no other relative movements 
than the shocks caused by the track 
(compare with what was said regarding 
the North of Spain drive on page 1615). 
As will be seen in figure 13, the side of 
the wheel opposite to the drive is entirely 
free; as is also, the case for the Brown- 
Boveri drive, and: in figure 12 will be 
seen the twin motors supported on the 
hollow shaft by the bearings in which 


the shaft rotates. In this respect, the ar- 
rangement is similar to the previously 
described Oerlikon drive, and affords 
moreover the same advantage as the 
Westinghouse drive, enabling a complete — 


‘axle with its motor or motors to be 


dropped down, without having to remove 
any part of the locomotive body. 

The first three of these locomotives 
having been in service only since 1927, it 
is not yet possible to pass any definite 
opinion on this drive, which has given 
very good results, however, up to the 
present; so far, these three engines have 
run a total of 100000 and 200000 km. 
(62 100 and 124200 miles) in service. At 
present they are only used on the Prague 
suburban lines (electrified sections of 
the main lines which terminate in the 
Capital). 


* 
* * 


The « Universal » drive of the Swiss 
Locomotive Works, of Winterthur, will 
now be considered. 

This drive was applied for the first 
time to an axle of the test locomotive 
No. 4009, type 1A-AA2, of the Great 
Indian Peninsula Railway, already men- 
tioned. It is even the only application 
which is still in service and only since 
1928; nevertheless, it has resulted in an 
order for 24 similar locomotives (Nos. 
4004 to 4024, series KA/1), now being 
constructed. The Administration of the 
Indian State Railways has.given the pre- 
ference to this system, in competition with 
three others, applied on three different 
test locomotives (See pages 1613 (d) and 
41637). These locomotives are intended for 
the lines from Bombay to Poona and to . 
Igatpuri, operated. with,.D..C. at 1400 
volts by overhéad conductors; gauge . 
1.676 m. (5 ft. 6 in.); maximum speed 
420/137 km. (75/85 miles) per hour, 


Skoda block. 


Fig. 144. — Hollow shaft with elastic gear wheel of the Skoda drive. 


maximum load per axle 21 tons. The 
hourly power of a locomotive is about 
2200 H-P., and at the hourly rating, the 
tractive effort developed is nearly 10 000 
ker. (22 000 lb.) at 37 km. (23 miles) per 
hour (clear track). The electrical part 
of these engines was supplied by the 
Metropolitan-Vickers Company of Man- 
chester; the mechanical part by the above 
mentioned works at Winterthur. The 
single carrying axle at the front of the 
engine is combined with the adjacent 
driving axle in a Java type of bogie, 
which also has been mentioned already 
(see page 1616) (1). 

A similar locomotive, but of the type 
9-C,-+C,-2, for 110 km. (68.3 miles) per 
hour, intended for trial working on the 
Irun-Alsasua line of the previously men- 
tioned North of Spain Railways is at 
present being built at the Reinosa Works 


(4) For the description of these-locometives, see 
- the December-January number for 1929-1930 of the 
review La Traction Electrique, Paris. 


of the « Sociedad Espafiola de Construc- 
cion Naval ». The electrical equipment 
of this engine has also been supplied by 
Metropolitan-Vickers, and the axle drive 
by Winterthur. 

Lastly, it is of interest to mention at 
this point that the Swiss Federal Rail- 
ways have just placed an order for two 
test electric superlocomotives, intended 
for all services on the Gothard (Lucerne- 
Chiasso) line. One of these engines will 
be provided with the axle drive which 
has been standardised on the Swiss Fede- 
ral Railways, the Brown-Boveri system on 
one side only, described at the commen- 
cement of this chapter, while the.second 
is to be equipped with the Winterthur 
« universal drive ». These two engines . 
will be of the type 1A-A1A-A1-+1A-A1A- 
Al, that is, having 14 axles, of which 
8 driving-axles will develop at the hourly 
rating a power of nearly 7 000 H.P., and 
will thus be by far the most powerful 
electric locomotives in the world. Each 
semi-locomotive will be provided at its 


ley, 1, WS). 
ae 


| ol 
TZ 


KS 


KES 
3 
3 
N 


Uhhllildtild 
SESS 
N * 
() 
N 


A |) 


Fig. 145. — « Universal » coupling of the Swiss Locomolive Works at Winterthur, 


Metropolitan-Vickers bb 


Great Indian Peninsula Railway construction. 


ends with two bogies composed of the 
carrying axle and the adjacent driving 
axle; adhesive weight 160 tons, length 
over buffers 32 m. (105 feet) and speed 
100 km. (62 miles) per hour. 

The Winterthur individual axle drive 
may be described as follows (fig. 415 
and 16) : : 

In the middle of the shaft of the driv- 
ing axle there is secured diametrically to 
the said shaft an arm (vertical in the 
two figures mentioned), terminating in 
two spherical heads, embraced by and 


held in two rectangular sliding bearings, 
very clearly to be seen in the figures. The 
transmission between the heads of the _ 


‘diametric arm and the body of the main 


gear wheel is effected by means of a 
rigid parallelogram, also to be seen in 
the figures referred to. On the right and 
left of. the horizontal diameter of this: 
parallelogram (which diameter would — 
become vertical if the wheel were turn- 
ed through 90°) are located two other 
slides, which are capable of sliding in 
slots parallel to the horizontal diameter 
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Winterthur block. 


Fig. 46. — Winterthur « Universal » drive; 
arrangement of the coupling inside the large gear wheel. 


in the position shown in the figures. It 
will be seen that this mechanism enables 
at any moment the most varied displace- 
ments of the axle (particularly, vertical 
displacements, and displacements about 
a point of rotation of the driving axle of 
a Java bogie) relatively to the body of 
the main gear wheel. 

The body of this main gear wheel is 
secured rigidly to the hollow shaft, sur- 
rounding the axle shaft. This hollow 


shaft rotates in two bearings, the upper 


portion of which is fixed to the main 
frame of the locomotive and is integral 
with the bearings of the other gear 
wheels. In other words, the main gear 
- wheel follows exactly the movements of 
the main frame of the locomotive; all the 


displacements made by the axles relati- 
vely to this frame are compensated for by 
the parallelogram mechanism previously 
mentioned. With the object of impart- 
ing to the transmission of the traction 
effort itself the desired flexibility, the 
rim of the main gear wheel is connected 
to the body by means of four small spiral 
springs, clearly shown in figure 16. 
Above the gear wheel are located, on 
the same intermediate shaft, three inter- 
mediate ‘gear wheels placed side by side, 
the diameter and gearing of which are 
the same or different according to the 
reduction ratio; the middle one of these 
gear wheels is engaged from below by the 
main gear wheel, and the two outer gear 
wheels, with helical gearing in different 
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Fig. 17. — Dismounting the traction motors of the « Winterthur » drive 
(Great Indian Peninsula Railway trial locomotive). 


directions, mesh in their turn with the 
pinions of the two traction motors driv- 
ing an axle. The object of this arrange- 
ment is to cause each gear wheel to mesh 
in one point only, that is to say, on a 
single generatrix of its periphery, which 
considerably increases the life of the 
gearing. The two motors of an axle are 
thus situated on either side of the two 


pinions and their-armatures are in the- 


same axis; the motors may be dismount- 
ed from the locomotive very easily by 
drawing them towards the outside, after 
opening panels provided for this purpose 
in the sides of the locomotive. Figure 17 
shows the very simple manner in which 
the motors are removed; it will be seen 
also that this drive leaves the axles enti- 
rely free towards the outside. 


This type of axle drive mechanism in 
which the driving couple is transmitted 
to the axle shaft in its centre, a feature 
which is also found in some other drives 
to be described later (in this connection, 
see the Linke-Hofmann drive, page 1639, 
and the drives with vertical motors and 
bevel gears, pages 1639 and the follow- 
ing), exhibits by virtue of this fact, fun- 
damental differences with respect.to the 
other systems, which have already been 
described or are yet to be described. In 
fact, hitherto, the driving effort has al- 
ways been transmitted to pivot pins secur- 


ed to the spokes or dise of the driving 
_ wheels, thus acting directly if not on the 


periphery. ‘itself ‘of the «wheel, at least 
tangentially to a circle of a certain diam- 
eter (lever), thus avoiding transmission 
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by the shaft of the axle itself, except in 
those cases in which the drive is effected 
on one side only. In this case, however, 
the driving couple is transmitted from 
the driving side to the wheel on the oppo- 
site side, thus passing through the entire 
length of the axle shaft. It is clear that 
the torsion of the shaft, taken over the 
whole of its length, helps to give a cer- 
tain elasticity to the transmission. In 
the case under consideration at the mo- 
ment, however, the driving effort is 
transmitted solely to.arms situated in the 
middle of the axle shaft, and thence 
(through the agency of the half lengths 
of this shaft on either side, and through 
the lever arm formed by the wheel spo- 
kes) to the rim of the driving wheels. 
There can be no doubt whatever that, 
mechanically, especially when it is a 
question of the transmission of a cousi- 
derable effort, this drive results in a 
greater fatigue, both of the axle shaft 
itself and more particularly of the spokes 
of the driving wheels; for this reason, 
therefore, it will probably be necessary to 
provide more robust diniensions for these 
parts. Future experience will show ihe 
extent to which these influences will 
make themselves felt practically. 

In connection with this general remark, 
the following may be said regarding the 
relative advantages and disadvantages 
peculiar to this system : 


Owing to a satisfactory enclosing and 
arrangement of the bearings of the main 
and auxiliary gears, the transmission 
system is entirely enclosed, ensuring a 
minimum consumption of oil with very 
good lubrication, and prevents dust tind- 
ing its way in. The drive is simple in 
its parts, which are in consequence easy 
to replace; they may be replaced from 
_ below, without it being necessary to dis- 
mount an axle. The accessibility of the 


drive mechanism is thus quite good, alt- 
hough inspections have to be made from 
below, between the wheels, the engine 
having to be placed on an inspection pit. 
As was mentioned previously, each gear 
wheel only possesses one point of enga- 
gement, which partly compensates for the 
double gear transmission; on the other 
hand, this double transmission enables 
different gear ratios and driving wheels 
of very different diameters to be used, 
and consequently, the use of the system 
for very wide ranges of speed. In addi- 
tion, the double gear reduction enables 
high speed motors to be used, and there- 
fore, motors which are small and light 
per unit of power, and also results in very 
slight losses which may only be 1/2 % 
of the total power. 

This axle drive is used indifferently 
and in exactly the same way either for 
locomotives with outside frames or for 
locomotives with inside frames; this is, 
in particular, an advantage for the con- 
structor, because some railways prefer 
inside frames and others outside frames 
Lastly, the mechanism is symmetrically 
arranged and the centre of gravity of the- 
motors is high up, which as is known, 
helps to increase the satisfactory run- 
ning qualities at speed. 

Another factor which may act in the 
same direction is that of the influence 
of the gyratory movement of the rotat- 
ing masses. Owing to the double gear 
reduction, the armatures of the motors 
always rotate in the same direction as 
the axles and it is possible that this fac- 
tor also influences the satisfactory run- 
ning qualities, especially when running 
through curves, all the more so since, 
the motors being placed on the outer 
edges of the two sides of the locomotives, 
the influence on transverse oscillations is 
likewise satisfactory. 
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It would be difficult to determine 
exactly, by calculation, the influence of 
these factors, but it is certain that the 
practical trials which will have been 
made with this drive (as soon as a cer- 
tain number of locomotives of this type 
have been running for some years) will 
show better the respective qualities or 
disadvantages of the different systems. 
There is no doubt that the Winterthur 
drive also offers very interesting possi- 
bilities for the future. 


* 
* + 


To conclude the description of the 
drives with motors having their shaft 
horizontal and parallel to the axle, the 
five constructions following will .be 
mentioned, each applied in one or two 
isolated cases only, and arranged below 
in order of seniority : 


{. The « Forges et Ateliers de Construc- 
tions Electriques de Jeumont » system of 
coupling (a system which is mentioned 
here for the purpose of refreshing the 
memory and for the sake of completen- 
ess), Was used, nearly twenty years ago, 
on a test locomotive, 1-C,-1, No. E. 3401, 
of the Compagnie des Chemins de fer du 
Midi (French Midi Railway Company) at 
the beginning of electrification with 
single-phase current. As far as the 
writer is aware, this system is no longer 
in use and has not been used elsewhere, 
but it is interesting from the historical 
point. of view. The hollow shaft sur- 
rounding the axle is provided at its end 
with two arms placed on the same 
diameter, and supporting, by means of 
slides, a collar concentric with-the axle. 
This collar is also secured, at the ends 
of a diameter perpendicular to that 
first mentioned and by means of small 
interposed spiral springs, to the driving 
wheel which has a fully dished centre, 


like that shown further on in figures 24 
and 22. <A description of this system 
was given in the German periodical 
Elektrische Kraftbetriebe und Bahnen, 
1912, page 546; there is no doubt a 
description in the French technical lite-_ 
rature also. 


2. Next comes the « Tschanz » indivi- 
dual axle drive, so called from the name 
of its inventor, O. Tschanz, one time 
Chicf Rolling Stock and Traction Engin- 
eer of the Swiss Federal Railways. This 
system may be described as follows : In 
the original construction as applied on 
one axle only of a small test engine 
No. 11001 of the Swiss Federal Railways, 
the driving axle itself is tubular. An 
auxiliary shaft, connected by universal 
couplings to the driving wheel itself and 
to the rim of a gear wheel, passes through 
the hollow axle. The gear wheel, rotat- 
ing in a bearing, external and rigid relat- 
ively to the main engine frame, drives on 
that side an intermediate shaft, which in 
its turn is provided, at the opposite end 
(that is to say, on the same side as that 
on which the auxiliary shaft engages the 
driving wheel) with a gear wheel with 
which the motor pinion meshes; the 
intermediate shaft thus passes to one 
side of, and external to, the traction 
motor. The axes of the intermediate 
shaft and of the armature of the motor 
lie in the same horizontal plane above the 
driving axle and: on either side of its 
axis. In a later use, the drive was em- 
ployed for two of the driving axles of the 
test locomotive, articulated in three parts, 
type 1B;1-1B,1, No. 11000 of the Swiss 
Federal Railways, an engine built in 1948. 
The drive was modified so as to avoid. 
the tubular axle surrounding the auxi- 
liary shaft. A short auxiliary shaft is 
located outside and at one end only of 
the axle and-in the prolongation thereof. 
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This short shaft is connected at both ends 
by universal joints to the driving wheel, 
which it drives, and to a gear wheel by 
which it is driven. This gear wheel is 
actuated in its turn by an intermediate 
shaft, the opposite end of which meshes 
with the pinion of the motor as in the 
case already described. In this case the 
power is nearly 700 H.P., while it was 
scarcely 500 H.P. in the first engine 
built. In addition, therefore, to the com- 
plication of either the tubular axle or 
the prolongation (suspended on the out- 
side) of this axle, the Tschanz drive 
requires a double gear as well as the 
provision of an intermediate shaft. Apart 
from these disadvantages, this system 
possesses on the other hand the advan- 
tage of great flexibility and suppleness 
and the possibility of obtaining any 


, ~ Engineering block. 
Fig. 48. — Oerlikon individual axle drive as applied to the test locomotive No. 4004 
of the Great Indian Peninsula Railway. 


desired gear ratio. The other two driving 
axles of the test engine 11000, and also 
at the beginning, the second axle of the 
engine 11001, have been fitted with the 
Brown-Boveri individual drive, which 
has been used there as a test for subse- 
quent applications (see page 1612). 


3. Now comes the second system of indi- 
vidual axle drive of the Ateliers de Con- 
struction Oerlikon. This drive is shown 
in figure 18 and has been used once only, 
on the test locomotive No. 4004, type 
2-C,-2, of the Great Indian Peninsula 
Railway (see page 1630), gauge 1.676 m. 
(5 ft. 6 in.), speed 120/135 km.(75/85 mi- 
les) per hour, other features similar; 


electrical equipment by the General Elec- 


tric Company of London; mechanical part 
supplied by R. & W. Hawthorn, Leslie 
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& Co. Ltd., of Newcastle-on-Tyne. This 
system may be described as follows : 


The pinions of the two twin traction 
motors which drive one driving axle mesh 
with the toothed rim transmitting the tor- 
que; this transmission is rendered elastic 
by means of six sets of convergent mul- 
tiple leaf springs, in the form of biconvex 
lenses, fixed between the hub and the 
toothed rim. The toothed wheel is fixed 
to a casing of the same dimensions, inte- 
gral with the hollow shaft and containing 
the drive proper. The gear wheel conse- 
quently drives this casing which com- 
prises on its vertical diameter (in the 
figure) and nearly against the wheel, two 
guides in which guide blocks slide. These 
guide blocks enclose and support the 
joints which may be seen in the figure 
at the top and bottom of the quadrilateral 
frame of rods surrounding the hollow 
shaft. Finally, two rods, directed up- 
wardly, are secured by spherical bearings 
to the lateral angles of this frame and 
these rods by their opposite ends drive the 
two pivot pins secured to the driving 
wheel. It is these two pivot pins which 
in turn drive the driving wheel. 

The hollow shaft turns in bearings 
fixed to the bottom of the frame of the 
twin motor, thus ensuring perfect enga- 
gement of the gears. The coupling frame 
is made in two parts to facilitate dis- 
mounting; the axis of symmetry of the 
mechanism is the axis in a vertical posi- 
tion on the figure. This drive mecha- 
nism possesses no more than six joints 
properly so called in all, two of which are 
sliding joints, and it is perfectly balanced 
from the point of view of the rotating 
masses. The complete mechanism (as 
well as the gears on the opposite side) 
is entirely enclosed, which is very favour- 
able for satisfactory lubrication and a 
minimum consumption of oil. Lubrica- 


tion is very complicated, however. This 
system also leaves the driving wheels en- 
tirely free on the outside. Considering 
the small amount of space which this 
drive leaves available for the motors, the 


writer believes that it can hardly be used - 


except for engines of wider gauge than 
the normal gauge. In addition, it requires 
a large driving wheel diameter, as well as 
the external frame, which further res- 
tricts its sphere of application. 


4. Fourthly, we come to the articulated 
coupling of the Société Générale de Con- 
structions Electriques et Mécaniques Als- 
Thom, formerly Société Alsacienne de 
Constructions Mécaniques, Belfort; this 
coupling is shown in figure 19 and was 
used on two driving axles of the test loco- 
motive 2-B, + B,-2, No. 242, AK. I. of the 
Paris-Lyons-Mediterranean, the other two 
driving axles of this locomotive being 
equipped with a drive similar to the quill 
drive (see page 1623). 

This system, similar in many respects to 
others, is provided, as for example for the 
first Oerlikon drive (likewise used on the 
P. L. M. and described on pages 1626/7, 
fig. 11), with two pivot pins fixed to the 
driving wheel and two pivot pins fixed to 
the gear wheel, and which pass through 
openings in the driving wheel. The pivot 
pins fixed to the driving wheel are con- 
nected to the pivot pins fixed to the gear 
wheel by two pairs of levers forming a 
right angle between them in the normal 
position and which are connected by lin- 
ked joints. These two linked joints are 
connected together by a sort of rigid cou- 
pling rod, which is provided with an 
opening in its middle portion surrounding 
the axle journal. For a more detailed 


description, the reader is referred to the © 


January Bulletin of the above-mentioned 
Société Alsacienne. It is certain that this 
drive is very simple and very accessible 


EO 
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Als-Thom block, 


Fig. 19. — The « Société Alsacienne » axle drive used on No. 242 locomotive, AE. I 
of the Paris-Lyons-Mediterranean Railway. 


as regards inspections. The parts of 
which it is composed are very simple. 


5. The Linke-Hofmann will be mention- 
ed to complete this series. This system 
has recently been fitted on four driving 
axles of the locomotive No. 21.51 of the 
German State Railway Company, in Ger- 
many. This engine, the electrical equip- 
ment of which was supplied by the Berg- 
mann Works, comes from the Linke-Hof- 
mann-Busch works, at Breslau, the con- 
structors of this drive which is shown in 
figure 20. It will be seen at once that 
this mechanism, especially in its general 
arrangement, exhibits a close resemblance 
to the Winterthur universal drive (fig. 15). 
It differs from the latter, in the first 
place, by the fact that the two traction 
motors drive the same pinion through the 
agency of elastic couplings, the pinion, by 
- an intermediate gear wheel, driving the 
main gear wheel secured to a hollow shaft 


VI—8 


surrounding the axle shaft. The entire 
part constituted by the bearings of these 
three gear wheels is here again rigid rela- 
tively to the main frame of the locomotive. 
The transmission of the hollow shaft to 
the driving axle takes place by a mecha- 
nism yery similar (but applied on either 
side of the gear wheel) to that employed 
by the Siemens-Schuckert works for the 
locomotives series 1570 and 1670 with ver- 
tical motors and bevel gears of the Aus- 
trian State Railways (see figure 24), a 
description of which mechanism is given 
later under the systems of drive with 
vertical motor. For a more detailed des- 
cription of the Linke-Hofmann drive, the 
reader is referred to the June 1926 num- 
ber pages 209 to 213, of the periodical 
Elektrische Bahnen, Berlin. This drive is 
too recent (barely one year in its present 
design) to be able to form an opinion 
regarding it. 


i 
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Fig. 20. — Mechanism of the Linke-Hofmann axle drive, 
applied to the locomotive series 24, No. 51 of the German State Railways. 


CLASS D. 


Individual azle drives with motors having 
a vertical axis and bevel gearing. 


There are two known systems of drive 
of this type used on a certain number of 
locomotives. 

In the first place, the system used by 
the Société des Constructions de France, 
Tarbes Works, on the express locomotives 
type 2-C,-2 of the Compagnie des Chemins 
de fer du Midi (French Midi Railway 


LHB block. 


Company). Two first locomotives of this 
type, Nos. E, 3401 and E. 3102 were put 
into service in 1923. Since that time, 
eight other engines of the same type have 
been put into service successively. The 
latter develop 2100 H. P. at the hourly 
rating and a speed of up to 125/130 km. — 
(77.7/80.8 miles) per hour and are equip- 
ped with the same system of drive, but 
modified and improved. The more recent 
series will be described first and then the 
two types of mechanism will be compared. 


€ 
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Each driving axle is driven by two twin 
motors having their armature vertical, the 
axis of the two armatures being in the 
same plane as the axis of the correspond- 
ing axle. No description of these loco- 
motives will be given here; they have been 
the subject of an extremely well informed 
article by Mr. Bachellery, Chief Engineer 
of Rolling Stock and Traction of the 

-French Midi Railway Company, in the 
May 1928 number of the Revue Générale 
des Chemins de Fer, pages 357 to 374. 
The writer will confine himself to repeat- 
ing below the description given of the 
transmission (see figures 21 and 22 and 
also the comparative description on 
pages 1641/1643) : 


The motion of the motors is transmit- 
ted to the axles by means of hollow 
shafts on which are keyed the gear 
wheels. There corresponds, to each axle, 
one of these shafts, 320 mm. (12 9/16 in.) 
in external diameter, which surrounds 
the axle, leaving a circular gap of 
40 mm. (1 9/16 inches) and which is 
supported in two bearings fixed to the 
corresponding motors. The motion of 
the hollow shaft is transmitted to the 
driving wheels through a universal elas- 
tic joint. This joint consists essentially 
of a crown carrying four lugs, two of 
which are connected to a plate fixed on 
the hollow shaft and the other two to 
the body of the wheel through helical 
springs working in compression. This 
crown, being entirely free, allows the 
axle to move in all directions relatively 
to the hollow shaft under the action of 
the inequalities of the track, without the 
springs being subjected to any abnormal 
fatigue. The motors are thus made inde- 
pendent of the shocks produced between 
the trains of wheels and the rails, As 
regards the shocks which tend to be 
produced in the gearing on the occasion 
of sudden variations in the driving couple, 
for example, on starting on when slip- 
ping takes place, they are also absorbed 


S* 


by the elastic transmission. As was 
explained previously, the drive by twin 
motors rotating in opposite directions 
has the effect of balancing the longitu- 
dinal reactions on the hollow shaft, so 
that there is no need to provide this shaft 
with thrust bearings. 


It may be added that the reduction ratio 
of the gear of these locomotives is 1 : 3.5; 
the bevel gears have rectilinear involute 
teeth. 

The difference between the first system 
of transmission (express locomotives 
E. 3101 and E. 3102 of the Midi, fig. 22) 
and the improved system of the series 
E. 3103 (fig. 24) is as follows: in the 
first case the four « poles » of the double 
ring B movable in all directions, which 
will be called for the sake of simplicity, 
the universal ring, and which serves the 
purpose of an intermediate member be- 
tween the transmission arms G, the ends 
of the hollow shaft H and the points F 
fixed to the wheel, are each attached to 
two of these members by two spiral 
springs fixed on both sides of the same 
pivot J on these poles. In other words, 
two of the poles (at opposite ends of the 
same diameter) are each connected on 
both sides by a spiral spring to two adja- 
cent arms of the four arms fixed to each 
end of the hollow shaft. Similarly, the 
two poles which are on the diameter of the 
universal ring which is perpendicular to 
the aforementioned diameter are each 
connected on either side by a spiral spring 
to a pair of fixed adjacent points F on the 
wheel; to each wheel, therefore, there 
corresponds eight spiral springs, two pairs 
of fixed points F on the wheel (symme- 
trical relatively to one and the same dia- 
meter) and two pairs of arms G at each 
end of the hollow shaft (symmetrical rela- 
tively to a diameter perpendicular to the 
preceding diameter). All these eight 
springs, sixteen per axle, are free, that is 
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to say, they are not enclosed (see figure 22, 
the right hand wheel). The attachment 
of the springs to the poles of the universal 
ring by the pivot pins J is similar to that 
adopted for the pivot pins N of the hollow 
shaft of the device shown in figure 8 (rail 
motor vehicles of the French State Rail- 
ways) except for this difference that in 
the case at present under consideration 
the two springs of one and the same pair 
are in the same axis, that is to say, in the 
extension of one another (+). 

In the improved system (fig. 21) there 
are, on the contrary, sixteen springs per 
wheel, i. e., four for each pole A of the 
universal movement ring B : of these four 
springs, two are held at the pole itself in 
a_sleeve C which is open at both ends 
(this device presents a vague resemblance 
with that described on page 1624 of the 
AEG drive), and hold the two buffer 
rods D which effect the transmission 
through the agency of the springs, tightly 
one against the other; the other two 
springs E of one and the same pole are 
not enclosed and suspend in an elastic 
manner the opposite ends (secured res- 
pectively either to the pairs of fixed 
points F on the wheel, or to the pairs. of 
arms G of the hollow shaft H) of the 
above-mentioned rods. This device will 
be better understood by comparing fig- 
ure 24 with the right hand wheel of the 
axle shown in section in figure 22. 

. In the second place, a description of the 
individual axle drive of the Siemens- 
Schuckert Works (Austrian Company), 
will be given, which drive has been used 
on the express locomotives, series 1570 
and 1670, of the Austrian State Railways 
previously mentioned. These two series 
of locomotives are both of the type 1D,1 


(1) For the figure showing this first device 
of the Midi, see La Technique Moderne, number 
~ for May, 1924. 


(1A-AA-A1) having external framing, the 
carrying axle being combined with the 
adjacent driving axle in an independent 
bogie also having outside frames, and of 
which the centre of rotation is located be- 
tween the two bogie axles. Here, however, 
as in the case of the Brown-Boveri drive 
(1A-AA-A1 locomotives of the Dutch East: 
Indies, the German State Railways, the 
Paulista Company, etc., described at the 
beginning of this article, pages 1613 and 
the following) the motors are fixed to 
the main frame of the locomotive, where- 
as, for instance, in the Skoda Czechoslova- 
kian locomotives, the twin motor is sus- 
pended in the bogie frame (see p. 1630). 
The electrical. equipment of all these 
engines with vertical motors of the Aus- 
trian Railways has been supplied by the 
Siemens-Schuckert Austrian Company, 
and the mechanical part by the Locomo- 
tive Works of Krauss & Co. at Linz; as 
regards the series 1670, there has also 
been collaboration with the « Wiener- 
Lokomotiv-Fabriks A.-G. » of Vienna. 

The features of these engines are the 
following: series 1570 comprises four 
locomotives, Nos. 1570.04-04, put into ser- 
vice in 1925-1926, of 2160 H.P. at the 
hourly rating at the tread, maximum 
tractive effort at starting 17000 ker. 
(37 480 lb.), maximum speed under runn- 
ing conditions 85 km. (52.8 miles) per 
hour, maximum weight per driving axle 
16 tons, gear ratio 1: 3.824. rhe bevel 
gears are helicoidal. Each of the four 
driving axles is driven by a single vertical 
axis motor, the axis of the motor being 
located in the plane of the corresponding 
driving axle; the side on which is the 
main gear wheel is alternated relatively to 
the motor, as also is the spacing of the 
armature axis relatively to the longitu- 
dinal axis of the locomotive. This space 
is 150 mm. and in consequence the space 
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between the vertical planes of the motors 
4-3 and 2-4 is 300 mm. (14 13/46 inches). 
The direction of rotation alternates also, 
which means that the side on which is the 
gearing alternates. Finally, the motors of 
the series 1570 are « suspended » as in the 
Midi type (fig. 22) : the armature shaft 
is supported in its upper portion in double 
collared bearings, but without ball bear- 
ings. The double collar is necessary in 
order to resist the upward reactions 
caused by the bevel gear. Unlike the Midi 
motors constructed in the Liége shops of 
the Société des Constructions Electriques 
de Belgique, and in which the armature 
shaft has only two guide bearings (im- 
mediately above and below the body of the 
armature), the Siemens motors of the 
Austrian series 1570 have, in addition to 
these two bearings, a third guide bearing 
at the lower end of the armature shaft, 
below the pinion : this arrangement was 
necessary because the axial. thrust at 
starting may attain 105 % of the pressure 
exerted by the starting couple on the 
gearing. 

As regards the series 1670, it comprises 
29 locomotives, the first of which were 
put into service in 1928. The necessity 
for greater power led to the use of two 
twin motors per axle and advantage was 
taken of the experiments made with the 
four engines of the series 1570 to intro- 
duce various improvements into the new 
type. These locomotives have a power 
at the rim of 2760 H.P. at the hourly 
rating, the maximum tractive effort at 
starting is 19400 kgr. (42770 Ib.); the 
maximum speed is 100 km. (62 miles) 
per hour; the gear ratio is 1 : 3.842. The 
weight per driving axle is 16.2 English 
tons; this is the maximum permissible 
load for electric locomotives on this rail- 
way (BBOe). All these figures are the 
official figures of the Company. The 


locomotives of the series 1670, as already 
mentioned, have two twin motors per axle, 
the axes of the two armatures being 
situated in this case also in the same 
vertical plane as the axis of the axle. The 
two motors of one axle rotate in opposite 
directions relatively to one another. These 
engines, as regards their general structure 
(as moreover, those of the French Midi) 
are absolutely symmetrical relatively to 
their longitudinal axis and their median 
transversal axis. Figure 23 shows a driv- 
ing axle of the series 1670 with the cas- 
ing C enclosing the coupling mechanism 
between the hollow shaft and the axle : on 
the two ends of this casing are bolted the 
two geared rims with bevel gearing, the 
gearing in this case being rectilinear as 
on the Midi Railway. This figure also 
shows above the axle the support V of 
the two vertical motors of one axle, which 
support comprises in its lower portion the 
bearings P in which rotates the hollow 
shaft, with the transmission mechanism 
and the gear rims. This support also 
helps in strengthening the locomotive 
frame and is exceptionally robust, for it 
comprises in this case the support bear- 
ings (properly speaking, the bushes) of 
the armatures: the latter are therefore 
not suspended from above as in the two 
types which have just been described but 
are supported on their base. This new 
arrangement has the two great advantages 
of diminishing the danger of oil penetrat- 
ing the windings of the motor and of en- 
abling the armature shaft to be made in 
sections, so that in case of damage to a 
motor, it is possible to separate the latter 
mechanically from the axle. 


The Siemens-Schuckert transmission 
mechanism may be described as follows - 
(fig. 24) : 

The two toothed bevel rims of the main 
gear wheels of one axle (or one rim alone 


Fig, 23. — Driving axle with drive mechanism, support and gear wheels 
of the express locomotives, series 1670 of the Austrian Federal Railways. 


SSW photo. 


Fig. 24. — Siemens-Schuckert transmission for vertical motors and bevel gearing 
(locomotives series 1670). 
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for the series 1570)are secured to a casing 
‘of cast steel (C in figure 23) enclosing the 
transmission system, the casing being 
capable of being taken apart and integral 
with a section of hollow shaft. This hollow 
shaft, not shown in figures 23 and 24, 
and which surrounds the axle, itself rota- 
tes in the bearings P placed on both sides 
of the transmission and integral with the 
main frame of the locomotive and with 
the frame of the vertical twin motors (see 
figure 23, on each side of the casing fitted 
with the toothed rims). Above these bear- 
ings are located the guide bearings of the 
vertical shafts of the gearing(extension of 
the armature shafts), immediately below 
the bevel pinions. In the upper portion 
(in the position shown in figure 24)of the 
casing enclosing the transmission mecha- 
nism, is placed a shaft capable of turning 
about its journals; on this shaft (the jour- 
nals T of which are Visible in the two 
figures 23 and 24) are placed in proxi- 
mity to the journals, two cranks M from 
which are hung two rods. These two 
rods B are capable of moving at their 
opposite end about two pivot pins D fixed 
to a very strong collar N having arms and 
keyed to S, the shaft of the axle itself. 
The four links forming the ends of the 
two rods are made in the form of spherical 
bearings, thus permitting considerable 
freedom of movement of the axle relativ- 
ely to the main frame of the locomotive. 
In the first type (series 1570) it is the 
armature shaft itself which carries the 
pinion between the guide bearing and the 
shield bearing of the motor, while in the 
new construction with twin motors (se- 
ries 1670) the shaft carrying the pinion is 
connected to the armature shaft by a 
special joint, which, as already mentioned, 
enables these two members to be separated 
easily in case of necessity. 


* 
te 


This examination will be terminated by 
a few words of conclusion, general consi- 
derations on the individual drive with 
vertical motors and bevel gearing. 


It is certain that this arrangement. 


places the centre of gravity of the motors. 


very high in the engine, and in conse- 
quence assists in raising the centre of 
gravity of the locomotive itself as high as 
possible. Now, it is known that a high 
centre of gravity improves considerably 
the running qualities of a locomotive: this 
experience is old and dates from the very 
commencement of high speed running 
with steam traction. On the other hand, 
the gyratory motion of the vertical motors 
improves, in its turn, the stability of the 
locomotives when running. The present 
writer has had the occasion to travel at 
speeds of 120 to 125 km, (74.6 to 77.7 mi- 
les) per hour on the 2-C,-2 engines of the 
French Midi Railway, between Bordeaux 
and Dax, and also at speeds of 95 to 
100 km, (59 to 62 miles) per hour on the 
engines of the series 1570 of the Austrian 
Railways between Innsbriick and Worgl 
[although these 1570 series engines had 
been constructed for a maximum speed of 
85 km. (52.8 miles) ,they were allowed to 
run at speeds up to 95 km. (59 miles) per 
hour on lines on the level, in view of the 
good running qualities of these engines 
and the satisfactory results of the tests], 
and finally at speeds of 90 to 95 km. (56 to 
59 miles) on the engines of the series 1670 
of the BBOe, between Bludenz and Buchs 
(Arlberg line). During all these runs, 
taking into consideration the state of the 
permanent way and the track on the sec- 
tions in question, the writer was able to 
note the exceptionally good running qua- 


lities, and what is rarely encountered in. 


this connection it is in particular possible 
on these locomotives, much better than on 
other types, to stand in the driver’s cab 
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at high speeds without holding on, and 
even with the heels together. In this way, 
the stabilising action of the above-men- 
tioned factors may be experienced. 

It will be observed that there exists be- 
tween these two systems, the Midi and the 
Austrian, the same fundamental diffe- 
rence which was discussed on page 1634 
in connection with the Winterthur uni- 
versal drive; the Midi axle drive transmits 
the torque directly to the hollow shaft at 
the plates or discs of the two wheels of an 
axle, while the Siemens-Austrian drive 
transmits all the driving effort to the 
centre of the shaft of an axle, whence it 
is transmitted in its turn to the rims by 
the agency of the half-lengths only of the 
shaft and the lever arm formed by the 
wheel spokes. It will be necessary, in 
this case also, to provide very robust 
‘wheels, possibly webbed between the 
spokes. 

The advantage of the very great stability 
in running of the vertical motor locomo- 
tives has already been mentioned; the dis- 
advantages of the principle of these sys- 
tems which may be mentioned are the 
bevel gearing (which has not, however, 
given rise to very great difficulties), the 
complication of lubrication, the adjuste- 
ment of the support and guide bearings, 


and finally the fact that in certain cases, 
these systems bring the base of the gear 
casings very near the track, which incre- 
ases the risk of damaging the casings and 
so may lead to interruption of the lubri- 


. cation. 


As indirect advantages of the drive by 
vertical motors may be mentioned the 
possibility of using wheels of fairly small 
diameter (hence a reduction in the un- 
suspended weight, an advantage which is 
also to be found in other systems), and 
then the very good accessibility, during 
running, of the motors and collectors. 

The writer hopes that he has given the 
reader a relatively complete although brief 
general review of a very interesting chap- 
ter of the very vast question of the axle 
drive of locomotives (1). He takes this 
opportunity of thanking the Railway Com- 
panies and the Manufacturers, mentioned 
in the course of the paper, who have 
kindly placed at his disposal documents, 
photographs, drawings, blocks, etc. 


(1) In addition to the numerous references 
to the technical literature, mentioned in the 
course of the paper, those interested are 
referred to the book by Dr. K. Sachs of Baden 
(Switzerland) : Hlektrische Vollbahnlokomo- 
tiven, published by Springer, Berlin, 1928. 
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SUPPLEMENT No. 2 TO REPORT No. 1” 


(Belgium, France, Italy, Portugal, Spain and their Colonies and Switzerland) 


ON THE QUESTION OF THE USE OF CONCRETE AND REINFORCED CONCRETE 
ON RAILWAYS (SUBJECT I FOR DISCUSSION AT THE ELEVENTH SESSION 
OF THE INTERNATIONAL RAILWAY CONGRESS ASSOCIATION), (2) (°) 


By Mr. JULLIEN, 
Engineer in Chief for the Permanent Way and Works 
of the Paris-Orleans Railway, 


and Mr. CLAISE, 
Director in Control of Works on New Lines and of Railway Track 
and Buildings at the Fre:.ch Ministry of Public Works. 


A. — A study of the different types 
of reinforced concrete sleepers, 


IV. — Recent designs put forward. 


A type of reinforced concrete sleeper 
recently brought out by Mr. Prot, Engi- 
neer of the Bridges and Roads Depart- 
ment, appears to be based upon new 
factors and deserves to, be mentioned. 

This sleeper which belongs to the pris- 
matic type would tend not only to take 
the place purely and simply of the wood 
sleeper but also to make unnecessary the 
use of the top part of the ballast, about 
0.145 m. (6 inches) deep, known usually 
as the packing layer. The bearing sur- 
face of this sleeper on the lower layer 
of ballast is in fact equal to if not supe- 
rior to that obtained with the packing 
layer in conjunction with a wood sleeper 
or of a sleeper having the same bearing 
surface. The sleeper is hollowed out 
longitudinally and this has made it pos- 
sible to provide a very attractive fasten- 


ing which appears well adapted to rein- 
forced concrete. 


VII. — Methods of calculation. 


Although no method of calculation has 
been reported in the replies to our ques- 
tionnaire, we think we ought to recall 
to mind the article published by Mr. de 
Veali in the February 1929 Bulletin of 
the International Railway Congress Asso- 
ciation. 

We must also call attention to a paper 
by Mr. Prot (*), the inventor of the 
sleeper mentioned above, as he has in- 
troduced, with just reason it would seem, 
into the calculation of reinforced con- 
crete sleepers the question of the per- 
manent settlement of the ground, whereas 
up to now only the effects due to elastic 
deflection have bean laken into account. 

This method would take into account 
the difficulties experienced with most 
of the prismatic sleepers actually under 
test. 


(4) See Bulletin of the International_Railway Gone Association, October 1929 number, pp. 1959 


and 2009. 
(?) This question runs as follows : « The use of concrete and reinforced concrete cn railways. 
A. — Investigation into the respective merits of the different dcsiges of concrete sleeper ; 
B. — Concrete and reinforced concrete buildings. » 


(®) Translated from the French. 


(4) Editorial note. — This sleeper will be described in a next number the Bulletin of the Inter 


ational Railway Congress Association. 


CURRENT PRACTICE. 


G24, 134. 5 (.42) 


Caprotti valve gear applied to 
London and North Eastern Railway 
engines. 


Figs. 1 to 3, pp. 1649 to 1651. 


A 4-6-0 engine of the B. 3 type, 
No. 6168, has been re-built and fitted 
with new cylinders and the Beardmore 
Caprotti valve gear. Figures 2 and 3 
show the general arrangement cf the 
engine as fitted with the Beardmore 
Caprotti gear, cylinders and smokebox. 

The engine is fitted with four cylin- 
ders disposed two between the frames 
and two outside the frames, the inside 
cylinders driving the leading coupled 
wheels and the outside cylinders the 
intermediate wheels. The left hand 
inside is in opposite phase with the left 
hand outside, and likewise the right 
hand inside is in opposite phase to the 
right hand outside, and the two cranks 
on the crank axle are at right angles to 
each other as are the driving crank pins 
on the intermediate wheels. The valve 
gear is driven by gearing arranged on 
the centre of the intermediate coupled 
axle. The cardan shaft from this gear 
box extends forward to the transmission 
gear placed under the smokobox and 
between the cam gear boxes for driving 
the inlet and exhaust valves which are 
located one on each side of the engine 
above the cylinders. The cardan shaft 
takes a bearing in a bracket pivotted to 
the engine motion plate, and on this 
shaft behind the bearing a hook joint is 
arranged to take care of the movement 
of the cardan shaft due to the rise and 
fall of the engine on the axleboxes to 
which the driving gear is arranged. 


| 
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Fig. 4. 


For the closing of the steam inlet and 
-exhaust valves spring control is em- 
ployed. The reversing gear placed in 
the right hand side of the cab consists 
of a wheel which does not quite make 
a complete turn to reverse the engine 
from full forward to full back gear. 
This wheel is attached to a shaft which 


rotates a tube passing down the right 
hand side of the engine terminating in 


a gear box secured to the engine plat-. 


form behind the cylinders. From this 
gear box one shaft connects with the 
reversing mechanism of the valves in the 
valve cam box above the right hand 
cylinders. An arm secured on the shaft 


SSSA SFT] 


vI-9 


Ld — 
SII SSS 
pil yu 


Fig. 3, 


— 1652 — 


in front of the gear box is coupled up 
by means of rod passing under the boiler 
to another arm on a second gear box 
secured to the platform behind the left 
hand cylinders. This gear box in turn 
is provided with a shaft which operates 
the cam gearing in the cam box over 
the left hand cylinders. 

The whole of the valve gearing ope- 
rates in oil, the gear box on the driving 
axle is filled to a working level with 
superheater cylinder oil as required, the 
housing round the transmission gear 
between the cylinder cam boxes being 
kept supplied with the same grade of 
oil by means of an oil box fitted to the 
inside of the right hand frame, the outlet 
from this box to the pipe which com- 
municates with the transmission gear 
box being kept covered with oil by the 
driver as required. The cam _ boxes 
over the cylinders are provided with 
sight glasses on the outside and these 
boxes are filled with oil up to the re- 
quired height before the lids are put on 
in the shops, and the only loss of oil 
that takes place from these boxes is that 
which escapes from the dash pot tap- 


pets, which open the inlet and exhaust 
valves; the replenishment of oil in these 
cam case’ need only be made at long 
intervals. To prevent blow through, 
when the engine regulator is opened, the 
springs to control the closing of the 
steam inlet valves are only made suffi- 
ciently strong to ensure the valves clos- 
ing after the engine has been drifting. 
The strength of the spring has been 
made so that when drifting at approxi- 
mately 5 miles per hour, the return 
stroke of the tappet, to open the valve, 
commences when the valve is still open 
approximately 5/16 inch. This means 
that the engine, when drifting, runs very 
freely. 

Engine No. 6168 is now employed in 
working express passenger trains, and is 
giving good results, but detailed tests 
have not yet been made as to the saving 
in coal and water that will be effected. 

Figure 1 shows the broadside view of 
engine No. 6168; a second engine, 
No. 6166, is in the shops at Gorton, being 
fitted in a similar manner to No. 6168, 
and will be completed shortly. 
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bis zur Inbetriebnahme. 

Berlin, Laubsch & Everth. 630 Seiten mit 352 Bildern 
und Tafeln. (Preis : 25 Rm.) 


1929 656 .257 
PENZLIN (V.). 


Die Unterhaltungsarbeiten und Stiérungsbeseitigungen 
an Stellwerkanlagen. 


Leipzig, Johann Ambrosius Barth. 264 Seiten mit 
Abbildungen. (Preis: 5 Rm.) 


1929 691 
von EMPERGER (F. Edler). 
Handbuch fiir Eisenbetonbau. 


Leipzig, Johann Ambrosius Barth. 289 Seiten mit 
384 Abbildungen. (Preis : 6.80 Rm.) 


In English. 


1929 385. (08 (.68) 

Annual report of the South Australian Railways 
Commissioner for the year 1928-1929. 

Adelaide, Harrison Weir, government printer, North 
terrace. 1 volume, 33 pages, 22 tables & fig. 


1929 621 .1 


BERRY (C. Harold). 
Steam and gas engineering. 


New York, D. Van Nostrand Co. 


(6 x 9 inches) 
481 pages. (Price: $ 4.50.) : 


(1) The numbers placed over the litle of each book are those of the decimal classification proposed by the Railway Congress conjoinly 
ithe Office Bibliographique International, of Brussels. (See « Bibliographical Decimal Classification as applied to Railway Science », by 
W BISSENBRUCH in the number for November, 1897, of the Bulletin of the International Railway Congress, p. 1509). 


‘I—27 


ge : | 


1929 385. (08 (.52) 


DEPARTMENT OF RAILWAYS GOVERNMENT OF 
JAPAN. 
Annual report for the year ending March 31 st. 1928. 
1 volume, 228 pages & 28 tables. 


1929 625 .212 
FENELON (K. G.). 
A study of present-day transport problems. 


Lotidon, P. S. King & Son, 14, Great Smith Street, 
Westminster. (Price: 15 sh.) 


1929 385. (09 .1 (.54) 
First Special Indian & Eastern Number of « The Rail- 
way Gazette >. 


London, S. W. 1. The Railway Gazette, 33, Tothill 
Street. 152 pages and 32 maps. Price: 2 sh. 6 d.). 


1929 385. 
GOLD COAST RAILWAY AND HARBOUR. 
Administration reports for the year 1928-1929. 


(08 (.66) 


Sekondi,” Gold Coast. Railway Press. 1 volume. 
25 tables and 6 appendix. 
1929 385 


LAUT (Agnes, C.). 
The romance of the rails. 


New York, McBridge & Co. 2 volumes (6 x 9 inches), 
589 pages. (Price : $ 7.50 net.) 


1929 625 .1 (02 (.73) 


Manual of the American Railway Engineering Asso- 
ciation, edition of 1929. 


Chicago, Ill., American Railway Engineering Asso- 
ciation. 1531 pages. (Price : $ 10.) 


1929 625 .212 


MOORE (Herbert, F.), LYON (Stuart, W.) & ALLE- 
MAN (Norville, J.). 


A study of fatigue cracks in car axles, Part IT. 
Urbana, Ill., University of Dlinois. 


1929 
NASH (A. W.) & BOWEN (A. R.). 
The principles and practice of lubrication. 


London W. C. 2., Chapman and Hall, Ltd, 11, Hen- 
rietta-street. (Price : 15 sh. net.) 


621 .89 (02 


1929 385, 
NOKES (G. A.). 

Railway control by railway stockholders. 

Burgess Hill (Sussex), The Bordyke Press. (Price 
1 sh. net.) 


1929 016 .621 (7; 
Record and index. 
New-York, American Society of Mechanical En; 
neers, 29, West Thirty-Ninth Street. (6><9 in.) 432 pagi 


1929 
STREETER (R. L.) & LICHTY (L. C.). 
Internal-combustion engines, theory and design. 


New-York, McGraw-Hill Book Co. (6 x 9 inche: 
445 pages, illustrations, tables & diagrams. (Price 
$ 4.) 


621 .4 (0 


1929 665 .882. (0 
The oxyacetylene welder’s handbook. 


Chicago, The Acetylene Journal 
(4 1/2 x 6 1/2 inches), 208 pages. (Price : 


Publishing C 
$3.) 


1929 62. z() 
TIMOSHENKO (S.), Professor. 

Vibration problems in engineering. 

London, Constable and Co. Ltd. 346 pages. (Price 
21 sh. 6 d. net.) ; 


In Spanish. 


1929 
RIBERA (D. José, Eugenio). 
Puentes de fabrica y hormigon armado. 


Madrid. Un vol. (25 x 18 em.), 280 pages con 326 
guras. (Precio : 27.50 pesetas.) 


In Italian. — 


1929 
NARDUCCI (Luigi). 

Prontuario pel caleolo e Vesecuzione del. 
armato nelle costruzioni civili. 


Torino, Lattes (S.) & C. Bel volume in “yee 
109 figure & 22 tabelle. (Prezzo : 25 lires.) 


sak 8. 


O16 585. (05 | 


II. — PERIODICALS. 
= 1929 624 .2. 
In French. Bull. techn. de la Suisse romande, n° 24, 30 nov. p. 281, 
— PASCHOUD (M.). — Représentation de la ligne élas- 


Annales des Ponts et Chaussées. (Paris.) 


929 656 .28 (.44) 
n. des ponts et chaus. part. tech., juill.-aoft, p. 12. 


MAISON (F.). — Note sur la situation générale des 
ands réseaux des chemins de fer francais au regard 
3 accidents survenus en 1927. (12700 mots et fig.) 


Arts et Métiers. (Paris.) 


1929 621 .132 8 
ts et Métiers, novembre, p. 401. 


L’évolution des locomotives articulées 4 deux bogies 
teurs. (7000 mots & fig.) 


Bulletin de la Société d’encouragement 
pour lindustrie nationale. (Paris.) 


1929 669 
ll. de la Soc. d’ene. pour Vind. nat., juil.-aofit-sept. 
S 1° 7, p. 363. 


FRENIONT ((.). — Le cisaillement et le poingon- 
ge des métaux. (33 600 mots, 2 tableaux & fig.) 


ulletin de ’Union Technique des inspecteurs 
techniques et des chefs de section des chemins 
de fer belges. (Bruxelles.) 


1929 625: 13 (.493) 


il. de ’Un. Tech. des inspect. techn. et des chefs d2 
sect. des chem. de fer belges, octobre, p. 1. 


MARIN (M.), — Tunnel de Godarville. Note sur les 
ivaux d’asséchement et de réfection des cheminées 
lérage. (2900 mots & fig.) 


Bulletin des transports internationaux 
par chemins de fer. (Berne.) 


1929 313.385 (.485) 
ul. des transports intern. par chemins de fer, p. 557. 
Les chemins de fer suédois pendant l’exercice 1927. 
400 mots.) 


illetin Technique de la Suisse Romande. (Vevey.) 


1929 ; 624 .63 

il. techn. de Ja Suisse Romande, n° 23, 16 nov., p. 260. 

REYSSINET (E). — Le viaduc de Plougastel 
mots & fig.). 


a 
4 


zi 


tique des poutres droites au moyen des séries trigono- 
métriques et caleul de systémes hyperstatiques d’ordre 
élevé par décomposition en syst@mes fondamentaux. 
(2900 mots & fig.) 


Chronique des Transports. (Paris.) 


1929 656 .1 & 656 2 
Chronique des transports, N° 22, 25 novembre, p. 5. 


La collaboration du rail et de la route au Congrés 
d’Amsterdam. (1400 mots.) 


Génie civil. (Paris.) 


1929 621 .383 (.44) 
Le Génie civil, n° 18, 2 novembre, p. 429. 


L’électrification de la ligne de Culoz 4 Modane. (4100 
mots & fig.) 


1929 62 (01) 
Le Génie civil, n° 18, 2 novembre, p. 437. 

LEGENS (L.). — Calcul de arc doublement encastré. 
(1 600 mots & fig.) 

1929 669 


Le Génie civil, n° 18, 2 novembre, p. 444. 


La corrosion des métaux et alliages légers et ultra- 
légers. (1 200 mots.) 


1929 621 .335 (.494) & 621 .43 (.494) 
Le Génie civil, n° 19, 9 novembre, p. 460. 

BARD (E.). — Les voitures automobiles Diesel-élec- 
triques du chemin de fer d’Appenzell (Suisse). (3 600 
mots & fig.) 


1929 62. (01) 
Le Génie civil, n° 20, 16 novembre, p. 483. 

CAUFOURIER (P.). — Le flambement composé dans 
les charpentes légéres. (2500 mots & fig.) 

1929 62. (01) 
Le Génie civil, n° 21, 28 novembre, p. 511. 

RIEGER (J.). — Nouveau procédé de calcul des por- 


tiques 4 étages par la méthode dite des moments sta- 
tiques fictifs. (1600 mots & fig.) 


1929 624 .63 (.73) 
Le Génie civil, n° 21, 23 novembre, p. 520. 


Le pont métallique en arc de 504 métres d’ouverture 
sur le Kill van Kull, prés de New-York. (800 mots & 
fig.) 


tien 


1929 621 .335. (82+83) 
Le Génie civil, n° 22, 30 novembre, p. 529. 


Locomotives électriques 4 crémaillére et 4 adhérence 
du Chemin de fer Transandin, (4500 mots & fig.) 


Les chemins de fer et les tramways. (Paris.) 


1929 621 .132 .8 & 621 43 
Les chemins de fer et les tramways, novembre, p. 220. 

Résultats obtenus au Canada et en République Argen- 
tine avec une locomotive Diesel-électrique. (900 mots 
& fig.) 

1929 625 .212 
Les chemins de fer et les tramways, novembre, p. 221. 
c Pe avec paliers 4 rouleaux intérieurs. (2 200 mots 
& fig.) 

1929 621 .133 .4 
Les chemins de fer et les tramways, novembre, p. 223, 


Le rabattement de la fumée des locomotives. (909 
mots.) 


1929 621 .131 .1 
Les chemins de fer et les tramways, novembre, p. 224. 
Sabliére 4 commande pneumatique. (1300 mots.) 


1929 625 .162 
Les chemins de fer et les tramways, novembre, p. 225. 

Dispositif de sécurité pour passages 4 niveau. (2500 
mots.) 

1929 625 172 
Les chemins de fer et les tramways, novembre. p. 230. 


Dispositifs pour le nivellement des voies ferrées. 
(1500 mots.) 


1929 - 625 143 4 
Les chemins de fer et les tramways, novembre, p. 232. 
‘ year Wéclissage électrique des rails. (1000 mois 
& fig. 

1929 656 .212 8 
Les chemins de fer et les tramways, novembre, p. 233. 

Dispositif pour pousser les wagons. (3 400 mots & fig.) 


L’Industrie des voies ferrées et des transports 
automobiles. (Paris.) 


1929 625 .62 (.492) 
L'Ind. des voies ferr. et des transp. autom., noy., p. 434. 


NIEUWENHUIS (P. M.). — Les voitures 4 un seul 
agent des tramways de la ville d’Arnhem. (3000 mots.} 


Revue économique internationale. (Bruxelles.) 


1929 385 .01 (.6) 
Revue 6conomique internationale, mars, p. 457. 


WIENER (L.). — Les chemins de fer coloniaux afri- 
cains. (8200 mots & cartes.) 


1929 385.01 
Revue économique internationale, avril, p. 75. 

WIENER (L.). — Les chemins de fer des colon 
protectorats francais en Afrique. (6800 mots 


1929 385 .01. 
Revue économique internationale, mai, p. 349. 
WIENER (L.). — Les chemins de fer de PAi 
occidentale francaise. (5400 mots & fig.) 


1929 385 .0 
Revue économique internationale, juin, p. 551. — 
WIENER (L.). — Les chemins de fer de } 
équatoriale francaise. (4200 mots & fig.) 
1929 385. (01. (67 + 
Revue économique internationale, septembre, p, # 
WIENER (L.). — Les chemins de fer des colonies 
tugaises d’Afrique. (12600 mots.) 


Revue générale des chemins de fer. ( 
1929 625 13 


Revue générale des chemins de fer, novembre, p. 2 

TETTELIN (M.). — Note sur la constructi 
tunnel de l’Ave-Maria, 4 Boulogne-sur-Mer. (4 000 
& fig.) 

1929 621 
Revue générale des chemins de fer, novembre, p. 

DUCHATEL (M.). — Locomotives Décapod & 
lindres de la Compagnie des Chemins de fer de 
francais. (5400 mots & fig.). 


1929 . 385 .113 
Revue générale des chemins de fer, novembre, p. 
Les résultats d’exploitation du réseau des ch 
de fer de PEtat francais en 1928. (4900 mots & 
bleaux.) 


1929 385 113 
Revue générale des chemins de fer, novembre, p. 4 


Résultats d’exploitation des chemins de fer 
et de Lorraine en 1928. (5400 mots.) 


1929 385 11 
Revue générale des chemins de fer, novembre, } 


Les chemins de fer allemands pendant le quz 
exercice financier de la Reichsbahn (1928). (9000 


Revue universelle des mines, de la métal 
des travaux publics, des sciences et de 
appliqués a l'industrie. (Liége.) 
1929 : 
Revue universelle des mines, N° 9, 1° novem 


TULGINSKY (H.). — La haute 
mots & fig.) 


ce ene 


624 .2 (01) 
universelle des mines, n° 10, 15 novembre, p. 294. 


OMAS (P.). — Le calcul des poutres Vierendeel. 
mots & fig.) 


: 721 
-universelle des mines, N° 11, 1°* décembre, p. 322. 
MPUS (F.). — Les moyens de parer aux effets des 


ssements des terrains sur les constructions (6000 
'_-& fig.) 


Reyue universelle des transports 
et des communications. (Paris.) 


4 
9 625 .251 
niver. des transp. et des commun., novem., p. 213. 
SEK (J.) & ZEHNDER-SPOERRY (R.). — Le 
ppement technique du freinage continu des longs 
de marchandises. (Fin.) (900 mots & fig.) 


621 .33 

uniyer. des transp. et des commun., novem., p. 217. 
RBILLION (L.). — L’électrification des chemins 
de banlieue et des lignes de rabattement (Fin.) 

P ots & fig.) - 


625 .258 


iver. des transp. et des commun., novem., p. 219. 
il sabot-frein automatique pour l’arrét des 
ms en dérive. (800 mots & fig.) 


; 
<> 

_ _ Elektrische Bahnen. (Berlin.) 

29 625 .234 


rische Bahnen, Oktoberheft, S. 304. 

\UCH (A.). — Bedingungen und Priifungen fiir die 
chtungen der elektrischen Zugheizung auf Voll- 
en, (10500 Wérter & Abb.) 


621 .33 (.92) 
wische Bahnen, Oktoberheft, S. 317. 
JG (A. M.). — Die Elektrisierung der Niederlain- 


ah Staatsbahnen auf Java. (Schluss.) 
) Wirter & Abb.) 


zs 621 .335. (.43) 
chic Bahnen, Novemberheft, 8. 329. 


1 GLINSKI (D.). — Leichte Personen- und Giiter- 
omotive aang 2-D-1 der Deutschen Reichs- 
(4000 Wérter & Abb.) 


621 .335. (.43) 


(Win) — Tiebwagenbetxieb auf den Schle- 
ebirgsbahnen. (5000 Worter & Abb.) 


> 621 .33 (.460) 
tische Bahnen, Novemberhelft, 8. 346. 


(QL). a Picktrischer Bahnbetrieb in Spanien, 
Y er 


Electrotechnische Zeitschrift. (Berlin.) 


1929 388 (.73) 
Elektrotechn. Zeitschrift, Heft 43, 24. Oktober, S. 1551. 


Weiterer Ausbau der Stadtschnellbahnen in Gross- 
Wew-York. (1000 Worter & Abb.) 


1929 621 .132 .8 (.436) 
Elektrotechn. Zeitschrift, Heft 43, 24. Oktober, S. 1587. 


MANDICH (L.). — Die neuen Triebwagen der Wiener 
Lokalbahnen Wien-Baden. (900 Wéorter & Abb.) 


1929 621 .132 .8 (.431) 
Elektrotechn. Zeitschrift, Heft 43, 24. Oktober, S. 1589. 


Berliner Stadtbahnlokomotive fiir Fernziige. (300 
Worter & Abb.) 


Glasers Annalen. (Berlin.) 


1929 621 .135 .4 
Glasers Annalen, Heft 9, 1. November, S. 141. 
HEUMANN. — Einfluss von Nebenerscheinungen des 
Rollens auf den Bogenlauf von Gleisfahrzeugen. (2200 
Worter & Abb.) 
1929 
Glasers Annalen, Heft 9, 1. November, S. 145. 
SPIES~ (R.). — Haltestellenanzeiger fiir Strassen- 
bahnen. (2 800 Worter & Abb.) 


625 .62 


In English. 


Bulletin American Railway Engineering 
Association. (Chicago.) 


1929 625 .143 (0 (.73) 
Bull. Amer. Ry. Eng. Ass™, Sept., p. 5 

Fifth progress report of the Special Committee on 
Stresses in track. (8750 words & fig.) 


Electric Railway Journal. (New York.) 


1929 625 .12 (.73) & 625 .14 (.73) 
Electric Railway Journal, September, p. 824. 


GEORGE (H. H.). — Small details important in 
trackwork. (4300 words & fig.) 


1929 62 .01 & 691 
Electric Railway Journal, September, p. 829. 

EWING (D. D.). — Fatigue in concrete. (1300 words 
& 1 table.) 

1929 
Electric Railway- Journal, September, p. 


Bow collectors. Are developed successfully in Toronto, 
(t 200 words & fig.) 


621 .336 (.71) 


Ge 


Engineer. (London.) 


1929 
Engineer, No. 3854, November 22, p. 541. 


DIAMOND (E. L.). — A note on superheating and 
locomotive cylinder efficiency. (2300 words & fig.) 


656 .254 


621 .134 3 


1929 
Engineer, No. 3854, November 22, p. 562, 


The « relay » train description system. (1 600 words 
& fig.) 


1929 51 (08 
Ingineer, No. 3856, December 6, p. 601. 

Skeleton steam tables. (2 800 words.) 

1929 51. (08 


Engineer, No. 3856, December 6, p. 609. 
The agreement on steam tables. (1700 words). 


Engineering. (London.) 


1929 621 .132 8 
Engineering, No. 3331, November 15, p. 627. 
5 ave P. petrol driven locomotive. (3000 words & 
ig. 
1929 
Engineering, No. 3334, December 6, p. 734. 
The Zeiss universal theodolite. (2200 words & fig.) 


526 


1929 621 132 .8 (.43) & 621 .4 (.43) 
Engineering, No. 3334, December 6, 748. 


1 200-H. P. Diesel-compressed-air locomotive for the 
German State Railways. (600 words & fig.) 


1929 
Engineering, No. 3334, December 6, p. 753. 

Automatic oxygen-jet cutting machine. (1 000 words 
& fig.) 

1929 
Engineering, No. 3334, December 6, p. 756. 


MASING (G.). — Methods of research in metallogra- 
phy. (4300 words & fig.) 


621 .93 


669 


1929 621 392 (.42) 
Engineering, No, 3335, December 13, p. 770. 
Electrically-welded constructional parts. 
fig.) : 


1929 621 33 (.68) & 625 .1 (.68) 
Engineering, No, 3335, December 13, p. 788. 


von ABO (CO. V.). — Some engineering problems of 
the South African Railways and Harbours. (6 200 words 
& 1 table.) 


1929 621 335 (.44) 


Engineering, No. 3335, December 13, p. 786. 


5 400-H. P; electric locomotive for the Paris, Lyons 
and Maditerranean Railway. (1500 words & fig.) 


(2900 & 


Engineering News Record. (New York.) — 


1 
1929 621 392 & 624 
Kingineering News Record, No. 17, October 24, p. 642, 


WELTY (H. T.). — Unusual methods used im re 
of roof girders in street underpass. (950 words & fis 


1929 385. (09 1 (7 
Engineering News Record, No. 17, October 24, p. 644. 

ALFRED (H.). — Operating economies on the Ps 
Marquette. (2'500 words, 2 tables & fig.) 


1929 624 1 (7 
Engineering News Record, No. 17, October 24, p. 649, 

DOYNE (H.). — Problems overcome in buildi 
approach to St. Louis municipal bridge. (2500 wor 
& fig.) 

1929 624. 31 (7 
Engineering News Record, November 7, No. 19, p. 734. 

Continuous truss bridge 1575 ft. long at Cincinn 
(2650 words & fig.) 


Locomotive, Railway Carriage 
& Wagon Review. (London.) 


1929 621 133 .7 (4 
Loe. Ry. Car. & Wagon Rey., No. 447, nov. 15, p. 3 


An exhaust steam injector with automatic cont 
(1 800 words & fig.) 


+ 1929 ; 621 .132 .5 (.9: 
Loe. Ry. Car. & Wagon Rev., No. 447, nov. 15, p. 2 


New < 57 » class, 4-8-2 fast freight locomotive, N 
South Wales Government Railways. (500 words & f 


j 
Mechanical Engineering. (New York.) — 
1929 ! 
Mechanical Engineering, December, p. 921. 
DAVIS (H. N.) & KEENAN (J. H.). — Re 
research on the thermal properties of steam, (4 
words, 14 tables & fig.) , 
1929 on 621. 
Mechanical Engineering, December, p. 935, ; 
POWELL (S. T.). — Operation and control of b 
feedwater purification systems. (5600 words, 2 tal 


& fig.) 


Modern Transport. (London.) _ . 


1929 625 .245. 
Modern Transport, No. 557, November 16, p. 3. ; 


Special arrangements for the conveyance of cc 
bulk. (1100 words & fig.) 


1929 621 
Modern Transport, No. 557, November 16, p. 5. — 
FOWLER (Sir Henry). — Repair of railway sy 
(2 200 words,) a 


een Bs 


1929 

fodern Transport, No. 558, November 23, p. 3. 
MANCE (Sir H. 0.). — Railway companies and road 
ransport. (3100 words & fig.) 

1929 + 656 3254 
fodern Transport, No. 558, November 23, p. 5. 

Wew method of train describing. (1800 words & fig.) 


1929 621 .84 
fodern Transport, No. 558, November 23, p. 7. 
Variable transmission gear. (900 words & fig.) 


1929 621 .138.5 
lodern Transport, No. 558, November 23, p. 9. 
Repair of railway locomotives. (1700 words.) 


656 


roceedings, American Society of Civil Engineers. 
(New York.) 


1929 624. (0 (.73) 
roceed. Amer. Soc. Civil Eng., December, p. 2641. 


General specifications for steel railway bridges. 
13500 words & 6 tables.) 


Proceedings, Institution of Railway Signal 
Engineers. (Manchester.). 


1929 656 .25 (09 3 

roceed. Institut. Ry. Signal Eng., part I, February to 
August, p. 22. 

DEAKIN (W. H.). — E 

ignalling. (§ 800 words.) 


1929 

roceed. Institut. Ry. Signal Eng., 
August, p. 45. 

BOUND (A. F.). — Electric locking releases. Their 

se and possible abuse. (11 900 words & fig.) 


1929 656 .254 (.82) 
roceed. Institut. Ry. Signal Eng., part I, February to 
August, p. 76. : 
WEBSTER (J. A.). — Intercommunication telegraph 
forking. (As in use on the Entre Rios and North East 

rgentine Railways.) (10300 words.) 


1929 656 .255 
roceed. Institut. Ry. Signal Eng., part I, February to 
August, p. 102. 

ALEXANDER (A. C.). — Token instruments and 


heir use in securing safety in single line working. 
1100 words.) 


arly history of railway 


656 .258 
part I, February to 


a Railway Age. (New York.) 


1929 625 3. (.73) 
ailway Age, No, 18, November 2, p. 1043. 


New short coal {ine provides an interesting pues 
2700 words & fig ) 


1929 385. .11 (.73) 
Railway Age, No. 18, November 2, p. 1047. 

Cashing in on improvements. (Denver & Rio Grande 
Western.) Part. 1. (1400 words & fig.) 


1929 625 .139 (.73), 625 .18 (.73) & 625 .27 (.73) 
Railway Age, No. 18, November 2, p. 1050. 


Santa Fe spends liberally for its supply handling. 
(To be continued.) (2500 words & fig.) 


| 1929 621 .133 .5 (.73) 
Railway Age, No. 18, November 2, p. 1062. 
Edgewater lubricated friction draft gear. 
words & fig.) 
1929 ; 385 .11 (.73) 
Railway Age, No. 19, November 9. p. 1085. 


Cashing in on improvements. Part 2. (2000 words, 
4 tables & fig.) 


(1 200 


625 .139 (.73), 625 .18 (.73) 
& 625 .27 (.73) 
Railway Age, No. 19; November 9, p. 1089. 
The Santa Fe spends liberally for its supply work. 
(1 600 words & fig.) 


1929 (Pal) ipl si GAD) 
Railway Age, No, 19, November 9, p. 1097. 

Great Northerh buys six 4-8-4 type passenger loco- 
motives. (700 words & 1 table.) 


1929 
Railway Age, No. 19, November 9, p. 1099. 

STOLTZ (C. F.). — What the railway man expects 
from advertising. (1600 words & fig.) 

1929 625.143 33° C73) 
Railway Age, No. 19, November 9, p. 1100. 


Derailment caused by transverse fissure. 
‘words & fig.) 


1929 


659 


(2.500 


621 .139 (.73), 625 .18 (.73) 
& 625 .27 (.73) 
Railway Age, No. 20, November 16, p. 1133. 
Santa Fe storehouses. Part III. (3000 words & fig.) 


1929 621 .132 .7 (.73) 
Railway Age, No. 20, November 16, p. 1139. 

Eight-wheel switchers for the Missouri Pacific. (700 
words & 2 tables.) 

1929 625 .111 (.71) 
‘Railway Age, No. 20, November 16, p. 1142. 
_ Hudson Bay Railway soon to be completed. 
words & 4 tables.) 

1929 656 .255 (73) 
Railway Age, No. 20, November 16, p. 1148. 


LEWIS (H. W.). — Signals direct trains through 
Lehigh Valley tunnels. (1 200 words.) ~ ~ 


1929 625 .244 (.73) 


Railway Age, No,-20,- enavenwer 16, p.- 1155. 


North American develops mechanical “er wig car. 
(1 600 words.) 


1929 


(4700 


aig te. 


Railway Engineer. (London.) 


1929 s 621 .335 (.460) 
Railway Engineer, December, p. 457. 


New electric locomotives, Northern Railway of Spain. 
(6800 words & fig.) 


1929 : 
Railway Engineer, December, p. 465. 


The strengthening of bridges by 
(1600 words & fig.) 


621 .392 (.42) 


electric welding. 


1929 621 132 .8 (.43) & 621 .133 1 (.43) 
Railway Engineer, December, p. 467. 

Pulverised fuel burning developments in Coa 
(3 200 words, 4 tables & fig.) 

1929 
Railway Engineer, December, p. 474. 


BRAITHWAITE (L. T. S.). — Lead-acid accumula- 
tors in electric train-lighting. (2300 words & fig.) 


1929 625 .142 3 
Railway Engineer, December, p. 477. 


SPILLER (J. W.). — Steel sleepers on colonial rail- 
ways. (80006 words, 3 tables & fig.) 


1929 
Railway Engineer, December, p. 487. 
New 20-ton all-steel hopper ore wagons, London Mid- 
land & Scottish Railway. (700 words & fig.) 
1929 
Railway Engineer, December, p. 489. 
Improved methods in the operation of single tracks. 


625 .233 


625 .245 (.42) 


656 .255 


— VIII. (2200 words.) 

1929 625 151 
Railway Engineer, December, p. 491. 

HEARN (G.). — Transition curves for turnouts. 


(2 800 words.) 


Railway Engineering and Maintenance. 
(Chicago.) 
1929 385 .517 (.73) 


Railway Engineering and Maintenance, Noy., p. 482. 
How one railway feeds its men. (1600 words & fig.) 


1929 625 .17 
Railway Engineering and Maintenance, Nov., p. 484. 


FORD (R. H.). — A new day in maintenance. (2 100 
words & fig.) 


385 .58 (.73 & 625 .17 (.73) 
p. 486. 


1929 
Railway Engineering and Maintenance, Noy., 
Is a uniform force practical? (6 400 words.) 


1929 625 .1 (06 (08 (.73) 
Railway Engineering and Maintenance, Nov., p. 493. 


Bridge and building men meet in the South. (17 000 
words & fig.) 


Railway Gazette. (London.) 


385. (09 1 ( 
first special Indian and Eastern 


1929 
Railway Gazette, 
number, p. 9. 
The system of the North Western Railway. (8 


words, 7 tables & fig.) 

1929 385. (09 1 (54) 

Railway Gazette, first special Indian and Eastern 
number, p, 21. 


The second largest railway in India. (12000 words, 
{5 tables & fig.) 


1929 385. (09 1 (.54) 
Railway Gazette, first special Indian and Eastern 
number, p. 115. 


Great Indian Peninsula Railway. 


— The third lar- 
gest railway in India. (4900 words, 


7 tables & fig.) 


1929 
Railway Gazette, first 
number, p. 123. 
Eastern Bengal Railway. — A state-managed system, 
(4300 words & fig.) 


385. (09 .1 (.54) 


special Indian and Eastern 


1929 
Railway Gazette, first 


385. (09 .1 (.54) 


special Indian and Eastern 


number, p. 129. P 

Burma Railways. — The metre-gauge system. (5 000 
words & fig.) 

1929 385. (09 1 (.54) 


Railway Gazette, first special Indian and, Eastern 
number, p. 129. 


Mysore Railways. — Grade as a clase II Indian jing 
{1300 words & fig.) 


1929 385. (09 .1 (.54) 

Railway Gazette, first special Indian and Eastern 
number, p. 136. 

Jodhpur Railway. — The independent state system, 
(2300 words & fig.) 


1929 385. (09 1 (54) 
Railway Gazette, first special Indian and Basten 
number, p. 138. 
' Junagad State Railway. — A Short independent ata 
lie! (600 words & J table.) 


385. (09 1 (54) 


special Indian and Easter 


1929 
Railway Gazette, 
number, p. 139. 
Ceylon Government Railway. — Operating about 
1ooo route miles of line. (5000 words & 10 tables.) — 


first 


q 
385. (09 .1 (91 
special Indian and Easter 


1929 
Railway Gazette, 
number, p. 146. 
Federated Malay States Railways. — A governmen 
managed system of 1105 route miles of line, (5 
words & 6 tables.) 


first 


—a= 9 — 


1929 621 .132 .5 (.71) 
Railway Gazette, No. 20, November 15, p. 749. 


New 2-10-4 type locomotive, Canadian Pacifie Rail- 
way. (300 words & fig.) 


| 1929 

ailway Gazette, No. 20, November 15, p. 751. 
_ Inter-European time-table and through carriage con- 
ference. (2500 words, 3 tables & fig.) 


1929 625 4 (0 
Railway Gazette, No. 20, November 15, p. 758. 


The 20-ton wagon in its relation to merchandise 
traffic. (1200 words & 1 table.) 
, 


1929 
Railway Gazette, No. 
_ Locomotive repairs. 


1929 
Railway Gazette, No. 20, November 15, p. 762. 
Railway Gazette, No. 21, November 22, p. 807. 
Railway Gazette, No. 22, November 29, p. 860. 


The operation of single lines of railway. XIX, XX 
& XXII. (5000 words.) 


1929 656 .1 (06 (.42) 
Railway Gazette, No. 21, November 22, p. 763. 

The commercial motor transport exhibition. (To be 
followed.) (8700 words.) 


1929 621 .132 3 (.50) 
Railway Gazette, No. 21, November 22, p. 799. 


Indian Railways standard « XC » class express loco- 
motives. (400 words & fig.) 


1929 656 .254 
Railway Gazette, No. 21, November 22, p. 801. 
_ The « relay » train description system. (2300 words 
& fig.) ; 
1929 3 
Railway Gazette, No. 21, November 22, p. 810. 
Some rail and road tendencies. (3700 words.) 


1929 656 .1 (06 (.42) 
Railway Gazette, No. 21, November 22, p. 814. 

The commercial motor vehicle exhibition. 
words & fig.) 

1929 656 .253 (.82) 
Railway Gazette, No. 22, November 29, p. 857. 

Re-signalling Buenos Ayres approach lines, Central 
Argentine Railways. (1800 words & fig.) 


1929 621 .132 .8 & 621 .43 
Railway Gazette, No. 22, November 29, p. 863. 
Diesel locomotive development. 


385 .62 


621 .138 5 
20, November 15, p. 760, 
(2.500 words.) 


656 .255 


656 


(1 700 


Railway Magazine. (London.) 


1929 625 .258 (42) & 656 212 5 (.42) 
Railway Magazine, December, p. 425, 


Whitemoor marshalling yard, London and North 
Rastern Railway. (6600 words, 2 tables & fig.) 


1929 656 .222 .1 (.78) 
Railway Magazine, December, p. 441. 
VUILLET (G.). — American locomotive performance. 


(3 100 words & fig.) 


1929 656 .222 .1 (.73) 
Railway Magazine, December, p. 449. 
ALLEN (C. J.). — British locomotive practice and 


performance. (7 200 words, 3 tables & fig.) 


Railway Mechanical Engineer. (New York.) 


1929 621 .1 (09 
Railway Mechanical Engineer, November, p. 650. 

WALKER (H. T.). — The centenary of a famous 
locomotive. (6000 words & fig.) 

1929 625 .26 (.73) 
Railway Mechanical Engineer, November, p. 656. 


Maintaining passenger cars on the Central of Geor- 
gia. (3000 words & fig.) 


1929 621 .134 .3 (.73) 
Railway Mechanical Engineer, November, p. 663. 
Superheater units reconditioned. (1500 words & fig.) 


1929 656 .223 .2 (.73) 
Railway Mechanical Engineer, November, p. 667. 


Car officers discuss billing and interchange rules. 
(9200 words & fig.) 


1929 625 .214 (.71) 
Railway Mechanical Engineer, November, p. 674. 


Berring tests on the Canadian National. (500 words 
& fig.) 


1929 621 .132 .1(.71 + .73) 
Railway Mechanical Engineer, November, p. 677. 


Examples of recent passenger locomotives of the 
4-6-2 and 4-6-4 types. (1 table.) 


Railway Signaling. (Chicago.) 


1929 656 .255 (.71) 
Railway Signaling, November, p. 410. 
Protect train movements. (1400 words & fig.) 
1929 656 .254 (.73) & 656 .255 (.73) 
Railway Signaling, November, p. 414. 


Denver & Rio Grande Western expedites trains with 
centralized control. (2 700 words & fig.) 


1929 656 .254 (.73) & 656 .3 (.73) 
Railway Signaling, November, p. 418. 

Great Northern automatic signal installation includes 
remote-control and automatic interlockings. (1900 
words & fig.) 


-—= 10 = 


University of Illinois Bulletin. (Urbana.) 
1929 625 .212 
University of Illinois Bulletin, No. 11, Noy. 12, p. 1. 
MOORE (H. F.), LYON (S. W.) & ALLEMAN 


(N. J.). — A study of fatigue cracks in car axles. 
(2400 words, 6 tables & fig.) 
1929 6210133 ct 


University of Ilinvis Bulletin, No. 10, November 5, p. 1. 
SMITH (C, M.). — An investigation of the friability 
of different coals. (14000 words, 4 tables & fig.) 


In Spanish. 


Gaceta de los Caminos de hierro. (Madrid.) 


1929 656 .1 (.43) & 656 .2 (.43) 
Gac. de los Cam. de hierro, n° 3 600, 20 oct., p. 349. 
Ferrocarriles y carreteras. (1000 palabras & fig.). 


1929 656 .1 (.43) & 656 .2 (.43) 
Gace. de los Cam. de hierro, N° 3603, 20 de Nov., p. 385. 

Los Ferrocarriles alemanes ante la competencia del 
automovil. (1400 palabras & fig.) 


Ingenieria y Construccion. (Madrid.) 


1929 621 .33 (.81) 
Ingeniera y construccion, noviembre, p. 563. 

Los ferrocariles electricos del Brasil. (950 palabras. 
euadros & fig.) 


Revista de Obras Publicas. (Madrid.) 


1929 621 .33 
Reyista de Obras Publicas, n° 21, 1. noviembre, p. 408. 


Revista de Obras Publicas, n° 22, 15 noviembre, p. 428. - 


JIMENEZ ONTIVEROS (F.). — La explotacion fer- 
roviaria y la electrificacién de ferrocarriles, (11 500 pala- 
bras & fig.) © 

1929 624 .62 (.433) 
Revista de Obras Publicas, n° 22, 15 noviembre, p. 423. 

RIOS GARCIA (R.). — Un puente en los Alpes Bava- 
ros. (1700 palabras & fig.) 


1929 621 .33-(.460) 
Revista des Obras Publicas, n° 23. 1° de dic., p. 444. 


LAFFITTE (C.). — Traccion electrica. La liena aérea 
y las tomas de corriente del Metropolitano Alfonso XII. 
(3 600 palabras & fig.) 


In Italian. 


L’Ingegnere. (Roma.) 


1929 656 .1 & 656 .2 
LiIngegnere, ottobre, p. 608. 


» VEZZANI (F.). — Strade, autostrade e ferrovie. Eco- 
nomia & Legislazione. (11500 parole & fig.) : 


- De Locomotief, N* 49, 4 December, bl. 389. 


1929 j 624. 
I’Ingeniere, ottobre, p. 622. ¥ 


IODI (C. F.), — Strutture iperstatiche simmetrich 
(1100 parole & fig.) a 


% 

. . . . . . . 3 
Rivista delle communicazioni ferroviarie. (Roma. 
1929 625 .1 (45 


Riy. delle communic. ferroy., n° 22, 15 novembre, p. ® 


La costruzione e la funzione della dixettisnsail Be 
logna-Firenze. (2700 parole & fig.) 


Rivista tecnica delle ferrovie italiane. (Roma. 


1929 625 13 (45 
Rivista technica delle ferrovie italiane, octobre, ip 13 
PINIT (G.). — La grande galleria dell’Appenino 
18510) della dirittissima Bologna-Firenze. (13 500 p 
role & fig.) 

1929 01 
Rivista technica delle ferrovie italiane, octobre, p. 17 


GIOVENE (N.). — Le revisione della classifica 
decimale. (4500 parole). 


In Dutch, 


. 

4 

‘ 

| 

De Ingenieur. (Den Haag.) 
7 

} 
1929 625 .62 (. 
De Ingenieur, N* 44, 2 November, bl. 77. 
NIEUWENHUIS (J. G. J. C.). — Nieuw rollend 


teriel voor de Rotterdamsche Electrische Tram. (5 
woorden & fig.) 


1929 625 
De Ingenieur, N* 45, 9 November, bl. 135. 


NIEUWENHUIS (J. G. J. C.), — Een optisch si, 
inrichting voor electrische tramrijtuig (1000 woorde: 
fig.) 


1929 7 624 52 (. 
De Ingenieur, N* 49, 7 December, bl. 299. 
De hangbrug Keulen-Miihlem. (3200 woorden & 


De Locomotief. (Amsterdam.) 


1929 "625 6 
De Locomotief, Nt 45, 6 November, bl. 353. 


Universeelwerkwagen voor locaalspoor- en tramwe; 
(750 woorden & fig.) 


1929 656 


Spoorweg en motorwagen. (4400 woorden.) 


Spoor- en Tramwegen. (Utrecht.) 


1929 621 .132 .3 (.492) 
oor- en tramwegen, N* 10, 12 November, bl. 238. 


LABRIJN (P.). — Nieuwe locomotieven voor de 
derl. Spoorwegen. (1700 woorden & fig.) 


1929 625 113 
oor- en tramwegen, N* 10, 12 November, bl. 240. 


‘SMA (J. M. I.). — Overgangsbogen voor kleine 
ogstralen. (200 woorden, 1 tafereel & fig.) 


1929 625 .13 (.492). 
oor- en tramwegen, N* 9, 29 octobre, bl. 208. 


ae (P.). — Het nieuwe spoor op de verstekte 
rdijkbrug. (2100 woorden & fig.) 


1929 621 .132 (.492) 
oor en tramwegen, N* 11, 26 November, bl. 268. 


LABRIJN (P.). — Nieuwe Nederlandsche lokomotie- 
I. (1000 woorden & fig.) 


1929 625 .245 (.492) 
oor- en tramwegen, N* 11, 26 November, bl. 269. 

DE GRUYTER (P.). — Het meetrijtuig der Neder- 
Bee neste Staatsspoorwegen. (3700 woorden & 


in Polish. 


INZYNIER KOLEJOWY. (Warszawa). 


1929 625 .174 (.438) 
“ynier Kolejowy, 1 Listopada, n° 11, str. 323. 


NIEBIESCZANSKI (M.). — Doswiadezenia nabyte 
iegtyzimy (r. 1928-29) w kierunku walkize sniegiem 
nrozami. 4800 slowa, i rys.) : 


1929 625 .4 (.44) 
tynier Kolejowy, n° 12, 1. Grudnia, str. 349. 


SUSZYNSKI (St.). — Budowa kolei podziemnej w 
rysu. (Dokonzenic.) (3200 slowa i rys.) 


8072. — Publisher : 


eee 


1929 656 .223 (.438) 
Inzynier Kolejoby, n° 12, 1 Grudnia, str. 357. 

WASILEWSKI (S.). — Przyezynek do sprawy oblic- 
zen iloseci taboru dla Polskich Kolei Panstwowych. 
(4 900 slowa i rys.) 


1929 385 .113 (.438) 
Inzynier Kolejowy, n° 12, 1 Grudnia, str. 367. 


NAGORNY. — Polskie Koleje Panstwowe w 
1928. 


roku 


In Portuguese. 


Boletim do Instituto de Engenharia. (S. Paulo.) 
(Brasil.) 


1929 691 
Boletim do instituto de engenharia, Setembro, p. 143. 


TORRES (F.). — Dosagem racional dos concretos. 
(3 800 palavras & fig.) 
1929 625 .143 .2 (.44) 


Boletim do instituto de engenharia, Setembro, p. 172. 


da COSTA PINTO (J. B.). — Trabalho da commis- 
sao mixta de Arilhos na Franca. (2700 palavras, 
5 quardos & fig.) 


1929 621 .33 (.81) 
Boletim do instituto de engenharia, Setembro, p. 183. 


MARINHO DE AZEVEDO (R.). — A electrificacao 
das linhas de suburbios entre as estacas D. Pedro II e 
Bangu da E. F. Central do Brasil. (7500 palavras 
& fig.) 

1929 656 .23 
Boletim do Instituto de engenharia, Outubro, p. 211. 

BARBOSA (C.). — Da organizacao do trafigo ferro- 
viario. (11100 palavras, quadros & fig.) 

1929 669 I 
Boletim do Instituto de engenharia, Outubro, p. 270. 


da COSTA PINTO (J. B.). — Tratamento thermico 
dos thrilos. (6200 palavras, fig. & quadros.) 


M. Weissenbruch Co., Litd., Printer to the King, 49, rue du Poincon, Brussels. 
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MONTHLY BIBLIOGRAPHY OF RAILWAYS © 


PUBLISHED UNDER THE SUPERVISION OF 
P. GHILAIN, 
General secretary of the Permanent Commission of the International Railway Congress Association. 


[016 .583 (02 | 


Agenda Béranger pour 1930. 
| Paris et Liége, Ch. Béranger, Librairie polytechnique. 
Jarnet de poche (14 X 9 cm.), 338 pages. (Prix : 
6 francs.) ‘ 


1929 385. (02 
| Annuaire 1929-1930 de la Chambre syndicale des 
labricants et des Constructeurs de matériel pour che- 
fins de fer et tramways. 


| Paris (8°), 7, rue de Madrid. Un volume in-8° de 
$85 pages, (Prix: 40 francs.) 
| 1929 
‘HAMPLY (René). 
Forge, découpage, emboutissage, rivetage, estampage 
t soudure, étamage, zingage, plombage. 
| Paris et Liége, Béranger. Un volume de 260 pages 
) 215 figures. (Prix: 23 frances.) 


1929 385 .4 (.495) 
HEMINS DE FER DE L’ETAT HELLENIQUE. 
Dispositions légales concernant l’Administration des 
hemins de fer de ’Etat hellénique (en vigueur A partir 
a 24 mars 1929). 


Athénes, Direction générale des Chemins de fer de 
Etat hellénique. 23 pages. 


1929 

\OLLARD (A.) & BERTIAUX (L.). 
Analyse des métaux par 6lectrolyse. 
‘Paris (6°), Dunod, 92. rue Bonaparte. Un volume 
(6 X 25 em.) de 232 pages et 28 figures. (Prix: 
* franes.) 
1929 
ERCY (P.). ; 
‘Le systéme de télégraphie Baudot et ses applications. 
Paris (6°), Dunod, 92, rue Bonaparte. Un volume 


a X 22 cm.) de 640 pages, 5 planches et 263 figures. 
*rix : 46 francs.) 
i 


621 


669 


654 


(MARCH 1930: 


j I. — BOOKS. 

i 

? - 1929 621 13 & 621 .335 

In French, MEUNIER (Emile) & DAVALLON (Louis). 

_ Locomotives modernes, 4 vapeur et électriques. 
1929 62. (02 


Lyon, Imprimerie A. Rey, 4, rue Gentil. Un volume 
de 350 pages et 202 photographies, (Prix : 30 francs.) 


1929 621 .392 & 624 .92 

Précis de la construction des charpentes soudées. 

Bruxelles, «< La soudure Glectrique autogéne », 
90, avenue du Pont de Luttre. Un volume in-8° de 
112 pages avee 142 figures et 3 planches. 


1930 
ROUSSELET (L.), Ingénieur. 


Mécanique, électricité et construction appliquées aux 
appareils de levage. : 

Paris (6°), Dunod, 92, rue Bonaparte, Un volume 
(19 X 28 em.), 752 pages, 673 figures et 13 planches. 
(Prix : 178 franes.) 


621 .8 


In German. 


1930 

BLEIBTREU (H.). 
Kohlenstaubfeuerungen. 
Berlin, Julius Springer. 495 Seiten und 267 Text- 


621 .133.1 


abbildungen. (Preis : 39 Rm.) 
1929 656 .23 
CAPELLE (Gerhard), BAUMANN (Adalbert) & 


FEINDLER (Robert). 
Zugbildungskosten, ZugfOrderkosten und ihre Wech- 
selbeziehungen. 


Berlin, Guido Hackebeil. (Preis : 3 Rm.) 


1929 
GIESE (Erich), Dr.-Ing. 
Betrachtungen iiber die Wirtschaftlichkeit und die 
Fahrpreise grosstadtischer Verkehrsunternehmungen, 


Berlin. Technische Hochschule. 
2 Tabellen. 


388 


5 Abbildungen und 


) ea Office Bibliographique International. of Brussels. 


2) The numbers placed over the title of each book are those of the decimal classification proposed by the Railway Congress conjointly 
} (See « Bibliographical Decimal Classification as applied to Railway Science », by 


WisseNsrucd in the number for November, 1897, of the Bulletin of the International Railray Congress, p. 1509). 
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1930 62. (01 & 624 2 


GRAF (0.). 

‘Aus amerikanischen Versuchen mit Eisenbetonbalken 
my Ermittlung d. Widerstandsfihigkeit verschiedener 
Bewehrung gegen Schubkriifte. ; 

Leipzig, Johann Ambrosius Barth. 30 Seiten und 
120 Abbildungen. (Preis: 10.40 Rm.) 


1929 62. (01 & 691 


GRAF (0.). 

Die Dauerfestigkeit der Werkstoffe und der Kon- 
struktionselemente. 

Berlin, Julius Springer. 131 Seiten und 166 Abbil- 
dungen. (Preis : 15.50 Rm.) 


1929 
GRAFF (Werner), Dr. 

Die Tarifpolitik und Finanzgebarung der Deutschen 
Reichsbahn-Gesellschaft in ihren ersten drei Geschiifts- 
jahren unter besonderer Beriicksichtigung der Belastung 
durch das Reichsbalngesetz von 30. August 1924. 

Greifswald, Ratsbuchhandlung L. Bamberg. 


385 .1 (43) 


1929 (Pal os 


GROSSMANN (F.). 

Verhiitung der Rissbildung in Betonbau ohne Bewe- 
gungsfugen. 

Hanover, Verlags-Gesellschaft. Hin Buch, 56 Seiten. 
(Preis : 2 Rm.) 


1929 

KERSTEN (C.). 
Der Eisenbetonbau. 
Berlin, Wilhelm Ernst & Sohn. 609 Textabbildungen. 


721.9 


{Preis : 6 Rm.) 
1929 625 13 (02 
Lokomotivkunde. — Lehrstoffhefte fiir die Dienst- 
anfaingerschule. 
Berlin, WVerkehrswissenschaftliche Lehrmittelgesell- 


schaft m. b. H., bei der Deutschen Reichsbahn. 170 Sei- 
ten und 134 Abbildungen. (Preis : 5 Rm.) 


1929 656 .1 (.43) & 656 .2 (.43) 
MULLER (F.), Dr, 
Reichsgesetz iiber den Verkehr mit Kraftfahrzeugen. 
Berlin, Georg Stilke. (Preis : 22 Rm.) 


1930 
PROBST. 
Vorlesungen iiber Hisenbeton. 


691 


———————— ae 


Berlin, W. 9., Julius Springer. Ein Bueh mit 539 Sei- 


ten und 61 Abbildungen. (Preis : 31.50 Rm.) 


1929 385 .1 (.43) 
QUAATZ (R. G.), Dr. 

Sicherheit und Wirtschaft bei der Reichsbahn. 

Berlin, R. Hobbing. 


1 


| 


3 

1929 656 2 
SCHUTZ (E.) & WAGNER. q 

Hilfsbuch fiir elektrische Bisenbake eae 
anlagen. 

Berlin, Verkehrswissenschaftliche iste te 
schaft m. b. H., bei der Deutschen Reichsbahn, 108 
ten, 33 Abbildungen. (Preis : 5.50 Rm.) 


1929 621 8 & 656 .212 
von HANFFSTENGEL (Georg), Dipl. Ingenieur. 


Die Forderung von Massengiitern. 
Berlin, Julius Springer. 431 Textabbildungen, 330 Se 


ten, (Preis : 24 Rm.) F 
7 a 

In English. 7 

aa 

1929 385. (09.3 i 


MARSHALL (C. F. Dendy). 
Centenary history of the Liverpool and Manches! 
Railway. ; 
London, E, C. 4, the Locomotive Publishing Co. Li 
3, Amen Corner. (11 1/4 X 8 1/2 inches), 192 pa 
and plates. (Price: 30 sh.) 


1929 

Methods of compiling statistics of railway accider 

Geneva, International Labor Office. 82 pages. ( 
50 cents.) 


1929 621 33 ( 
The Great Northern Railway electrification (U. S. 
East Pittsburgh, Pa., Westinghouse lectrie 


Manufacturing Company. 23 pages. 


1929 385 .o @ 
WARD (Frank Bird). 

The United States Railroad Labor and Railway L 
disputes. 


Philadelphia, available from author. 93 pages. 


In Dutch. 


1929 
de VRIES (E.). 
Hijschwerktuigen. 7 
Harlem, Ruijgrok & Co. Een boek van 480 bladz 
en 460 bilden. . 
1929 
REITSMA (S. A.). 
Korte geschiedenis der Nederlandsch Indische § 
en Tramwegen. : 
Weltevreden (Batavia), G. Kolff & Co. 


385. (09.3 | 


‘[ O16 585. (08 | 
4 II. 


—— 


In French. 
— = oa 
; Arts et Métiers. (Paris.) 
“1929 621 .132.8 


rts et Métiers, décembre, p. 34. 

PUJOL (J.). — L’évolution des locomotives articulées 
deux bogies moteurs (suite). (9 000 mots, 1 tableau 
, fig.) 


Bulletin de la Société d’encouragement 
pour l'industrie nationale. (Paris.) 


1929 621 13 (09 
ull. de la Soe. d’encourag. pour Vind. nat., oct., p. 688. 
SAUVAGE (Ed.). — Sur le concours de locomotives 
-Rainhill, en octobre 1829. (1700 mots.) 

3 


Bulletin de la Société des ingénieurs civils 
de France. (Paris.) 


1929 621 .116 (.44) & 669 1 (.44) 
ull. de la Soe, des ing. civ. de France, mai-juin, p. 479. 
DESSUS. — La tuyauterie de vapeur de la nouvelle 
utrale de la Compagnie Parisienne de Distribution 
Electricité. Les caractéristiques de Vacier aux hautes 
mpératures et la détermination de la résistance A la 
action & chaud de quelques aciers de construction. 
[6 600 mots, 3 tableaux & fig.) 


(1929 385 .587 
ull. de la Soe. des ing, civ. de France, mai-juin, p. 44. 
CLARK (W.). — Les avantages pratiques assurés 
uw lorganisation scientifique des entreprises indus- 
jelles, (4200 mots & fig.) . 


Bulletin de l'Union internationale 
des chemins de fer. (Paris.) 


1929 ‘ 385 .113 (.494) 
ull. de ’Union intern. des ch. de fer, octobre, p. 321. 


Les chemins de fer fédéraux suisses pendant l’exercice 
28. (5 800 mots & 18 tableaux.) 


Bulletin technique de la Suisse romande. 
(Vevey.) 
1929 624 (.01 
il. techn. de la Suisse rom., n° 25, 14 déc, p. 296, 


SCHOUD (M.). — Calcul de ‘systémes hypersta- 
@ordre élevé par décomposition en systémes 
mentaux (suite et fin). (2600 mots & fig.) 


1* 


— PERIODICALS. 


1929 621 335 (.494) 
Bull. techn. de la Suisse rom., n° 26, 28 déc., p. 308. 


HUG (Ad. M.). — Les locomotives électriques du 
chemin de fer Viégé-Zermatt. (1400 mots & fig, ) 


Bulletin technique trimestriel des inspecteurs. 
techniques et des chefs de section des chemins 
de fer belges. (Bruxelles.) 


1929 691 & 693 
Bull. techn. trimest. des inspecteurs techn. et des chefs 
de section des ch. de fer belges, n° 38, 15 déc., p. 1. 
LECLERCQ (P.). — Etude et calcul des rendements 
des mortiers et bétons. (12300 mots & 6 tableaux.) 
1929 625 .113 
Bull. techn. trimest. des inspecteurs techn. et des chefs 
de section des ch, de fer belges, n° 38, 15 dée., p. 40. 
FABRY, — Le probléme du surhaussement dans les 
courbes sur le réseau allemand. (4 800 mots.) 


1929 621 .135.4 
Bull. techn. trimest. des inspecteurs techn. et des chefs 
de-section des ch. de fer belges, n° 38, 15 déc., p. 51. 
FABRY. — Usures rapides des boudins des locomo- 


tives 81 et des rails dans les voies 4 courbes de faible 
rayon, (700 mots.) 


Génie civil. (Paris.) 


1929 656 .281 
Génie Civil, n° 2469, 7 décembre, p, 561. 

JOITEL (A.). — Les déraillements en pleine voie 
(& suivre). (6400 mots & fig.) 

1929 is 62. (01 


Génie Civil, n° 2469, 7 décembre, p. 566. 
WOLKOWITSCH (D.). — Résistance des matériaux. 


— Théorie approchée de l’enveloppe cylindrique épaisse. 
(2700 mots, 1 tableau & fig.) 


1929 624 .8 (.492) 
Génie Civil, n° 2470, 14 décembre, p. 581, 


DALTON (L.). — Le nouveau pont basculant de la 
Reine sur le Koningshaven a Rotterdam (4200 mots 
& fig.) 

1929 
Génie Civil, n° 2470, 14 décembre, p, 586. 
Génie Civil, n° 2471, 21 décembre, p. 618. 

DANTIN (Ch.). — Les coussinets a roulement sur 
huile (i suivre). (6700 mots & fig.) 

1929 
Génie Civil, n° 2471, 21 décembre, p. 589. 


JOITEL (A.). — Les déraillements en pleine voie 
(suite et fin). (5000 mots & fig.) 


625 .214 


656 .281 


pede 7 Ye 


1929 656 .253 (.43) 
Génie Civil, n° 2471, 21 décemtre, p. 597. 


Protection automatique des trains, systéme Biseler, 
par répétition optique des signaux. (1000 mots & fig.) 


1929 
Génie Civil, n° 2471, 21 décembre, p. 625, 
La traction électrique sur les chemins de fer alle- 
mands. (700 mots & carte.) 


1929 621 .331 (.43) 
Génie Civil, n° 2472, 28 décembre, p. 633. 

Moteurs thermiques. — La nouvelle installation 4 
100 atmosphéres de la centrale de Mannheim  (Alle- 


magne). (3200 mots & fig.) 

1929 62. (01 
Génie Civil, n° 2472, 28 décembre, p. 638. 

LOSSIER (H.). — Résistance des matériaux. — La 


valeur des formules de battage des pieux en béton 
armé, (3 100 mots & fig.) 


1929 } 
Génie Civil, n° 2472, 28 décembre, p. 641. 
Les caractéristiques de la vapeur d’eau aux tempé- 
ratures et pressions élevées, (5000 mots.) 


625 .112 


1929 624 32 


; 
Génie Civil, n° 2472, 28 décembre, p. 644. 
MARTEAU (J.). — Procédé rapide pour le remplace- 
ment de ponts-rails métalliques. (900 mots & fig.) 


1929 669 
Génie Civil, n° 2472, 28 décembre, p. 649. 


Les progrés récents de la métallurgie. (1300 mots.) 


1930 669 


Génie Civil, n° 2473, 4 janvier, p. 1. 
MATHIEU (M.). — La wmétallographie par les 
rayons X. (8700 mots & fig.) 


1930 625 13 (.44 + .460) 
Génie Civil, n° 2473, 4 janvier, p. 12, 

Les projets de tunnel sous-marin sous le détroit de 
Gibraltar. (3400 mots & fig.) 


Les chemins de fer et les tramways. (Paris.) 


1929 625 .62 (.42) 
Les chemins de fer et les tramways, décembre, p. 239. 

Les nouveaux tramways de Liverpool. (1800 mots 
& fig.) 

1929 621 .132.6 


Les chemins de fer et les tramways, décembre, p, 242, 

Transformation d’une locomotive Decapod Compound 
en locomotive-tender 4 simple expansion. (2200 mots 
& fig.) 


621 .33 (.43) 


1929 625 .62 (4 
Les chemins de fer et les tramways, décembre, p. 24 


Perfectionnements apportés aux véhicules a 
essieux roulant sur rails par la Compagnie des t 
ways électriques de Lille et de sa banliene. (1 600 
& fig.) 


1929 625 : 
Les chemins de fer et les tramways, décembre, p. 24 
Wagon-porteur pour le transport des wagons a vo 

$ 
25 .24 


* 


différente, (1800 mots & fig.) 


1929 
Les chemins de fer et les tramways, icc p. 24 


Wagon de chemin de fer muni d’une installation ¢ 
réfrigération et de chauffage. (1700 mots & fig.) 


1929 656 425 
Les chemins de fer et les tramways, décembre, p. 25 


Dispositif d’éclairage d’approche des feux de signal 
sation. (1800 mots & fig.) 


1929 621 .138. 
Les chemins de fer et les tramways, décembre, p. 5 


Fixation des trains de roues de locomotives dans I 
tours pour essieux montés. (1500 mots & fig.) & 


1929 624 | 
Les cheming de fer et les tramways, décembre, p. 25 
CROZET (A.), — Les batiments métalliques. (3 41 
mots & fig.) % 


Revue générale des chemins de fer. (Paris.) — 


1929 621 134.3 (.4 
Revue générale des chemins de fer, décembre, p. 3h 
NASSE (M.). — Distribution par soupapes system 
Renaud en essai sur une locomotive Mikado 4 simp 
expansion et 4 surchauffe des Chemins de fer de PEta 
(5500 mots & fig.) 


1929 621 335 ( (4 
Revue générale des chemins de fer, décembre, p. 474, 
JAPIOT (M.). — Les locomotives électriques 4 gram 


vitesse de la Compagnie de Paris 4 Lyon et A la MG 
{erranée, (20000 mots & fig.) 


1929 
Revue générale des chemins de fer, décembre, p. 


REURE. — Note sur le chauffage par la vapeur 
longs trains et sur un nouveau demi-accouplement 
chauffage. (3900 mots & fig.) 


1929 385. (09 (6 
Revue générale des chemins de fer, décembre, p, 52! 


Chemins de fer de l’Afrique francaise. (9 200 m 
& cartes.) 


1929 
Revue générale des chemins de fer, décembre, p. 5 


Le nettoyage par aspersion des locomotives 
tenders. (1500 mots & fig.) 


2) 


| 

1930) 625 .23 (.44) 
tevue générale des chemins de fer, janvier, p. 3. 
DUCHATEL & FORESTIER. — Voitures métal- 
ques de la Compagnie de l’Est. (10100 mots & fig.) 


1930 621 .132.8 (.66) 
| ile des chemins de fer, janvier, p. 20. 


Locomotive articulée systéme Golwé en service sur 
| chemin de fer de la Cote d'Ivoire. (5 000 mots & fig.) 


1930 313 .385 (.44) 
tevue générale des chemins de fer, janvier, p. 33. 
ef sultats obtenus en 1928 sur le réseau des chemins 


| fer de Etat en France, (300 mots, 10 tables & fig.) 
385. (09 (.59) 


| “gpd de fer de l’Indochine frangaise. (6400 mots 
fig.) 
| 
1930 621. .8 (.43) 
levue générale des chemins de fer, janvier, p. 56. 
Développement des moyens de manutention. (800 mots 

fig.) : 
. 


_ Revue politique et parlementaire. (Paris.) 


(1929 385. (01 (.6) 
ty. politique ct parlementaire, n° 421, 10 déc., p. 438. 
RAYNAUD (R.). — L’état des études du Transsaha- 
tn, (3 900 mots.) 


1929 ; 33 
ty. politique et parlementaire, n° 421, 10 déc., p. 478. 
GOLSON (C.). — Revue des questions de transport. 
300 mots.) 


ayue universelle des mines, de la métallurgie, 
‘des travaux publics, des sciences et des arts 
appliqués a l'industrie. (Liége.) 


1929" 721 1 
vue universelle des mines, n° 12, 15 décembre, p. 353. 


BJAMPUS (F.). — Les moyens de parer aux effets 
$ affaissements des terrains sur les constructions 
ite et fin), (10000 mots & fig.) 


1930 621 .112 (.73) 
vue universelle des mines, n° 1, 1°" janvier, p. 14, 


\XILLON (E.). — Expérience de l’exploitation avec 
deur A haute pression 4 Boston, (5700 mots & fig.) 


5 
“Revue universelle des transports 
et des communications. (Paris.) 
ie ‘3 385. (01 (.6) 
univ. des transp, et des communiec., déc., p. 234. 
TAN (H.). — Le Transsaharien. — Essai de 
tribution A son étude (suite et fin). (2300 mots.) 


1929 ; 385 .113 (.494) 
Rev. univ. des transp. et des communic., déc., p. 237. 

BOIVIN (A.). — L’exploitation des Chemins de fer 
fédéraux suisses en 1928. (1800 mots.) 


1929 625 .62 
Rey, univ. des transp. et des communic., déc., p. 242. 

Le lavages des voitures de tramways. (900 mots 
& fig.) 


In German. 


Archiv fiir Eisenbahnwesen. (Berlin.) 


1929 385. (09 (.81) 
Archiy ftir Hisenbahnwesen, Heft 3, Mai-Juni, 8. 5365. 

STINNER. — Brasilianische Centralbahn. (10000 
Worter.) 

1929 385 .1 (.494) & 656 .23 (.494) 


Archiy fiir EHisenbahnwesen, Heft 3, Mai-Juni, 8. 565. 
MIESCHER (0.). — Die finanziellen Ursachen der 
hohen schweizerischen Eisenbahntarife. (7 000 Wéorter.) 


1929 625 111 (.43) 
Archiv fiir ‘Kiscnbahnwesen, Heft 3, Mai-Juni, S. 583. 

KELLER (F.). — Die verkehrsgeographischen Grund- 
lagen der deutschen Eisenbahnumwege mit besonderer 
Berticksichtigung von WNord- und Mitteldeutschland. 
(Schluss.) (18000 Wérter & 1 Karte.) 


1929 385. (09 (.56) 
Archiv fiir Hisenbahnwesen, Heft 3, Mai-Juni, 8. 631. 

DIECKMANN, — Die Eisenbahnen im Irak. (9000 
Worter & 1 Karte.) 


1929 385. (09 (.51) 
Archiy fiir Eisenbahnwesen, Heft 3, Mai-Juni, 8. 657. 

CREMER (M.). — Die Ostchinesische Bahn. — Der 
Teil der. Transsibirischen Bahn von Mandschurei bis 
Kuantschentzy. (7500 Wéorter.) 

1929 385 .113 (.43) 


Archiv fiir Bisenbahnwesen, Heft 3, Mai-Juni, S. 677. 
Archiv fiir Eisenbahnwesen, Heft 4, Juli-August, S. 855. 


Die Deutsche Reichsbahn im Geschiftsjahr 1927. 
(12700 Wéorter.) 

1929 385 .113 (.45) 
Archiy fiir Bisenbahnwesen, Heft 3, Mai-Juni, 8S. 722. 

Die italienischen Staatsbahnen im Rechnungsjahr 
1926-1927. (6600 Worter.) 

1929 385 .113 (.489) 
Archiv fiir Eisenbahnwesen, Heft 3, Mai-Juni, S. 740. 

Die Eisenbahnen in Danemark in den Betriebsjahren 
1926-1927 und 1927-1928. (3000 Worter.) 

1929 Some 385 .5 (.47) 
Archiv fiir Hisenbahnwesen, Heft 4, Juli-August, 8. 855. 


WEHDE-TEXTOR. — Das Arbeitsrecht der russi- 
scien Eisenbahnbediensteten und Arbeiter. (8000 
Worter.) 


13} — 


1929 385 .517 (.48) 
Archiv fiir Eisenbahnwesen, Heft 4, Juli-August, S, 971. 
Archiv fiir’ Eisenbahnwesen, Heft 5, Sept.-Ok*,, 8. 1199. 

KUHATSCHECK (0.), — Die Kranken- und Arbeiter- 
pensionskassen, die Angestellten-, Unfall- und Arbeits- 
losenversicherung bei der Deutschen Reichsbahn im 
Jahr 1928. (24700 Wirter.) 

1929 385 .113 (.47) 
Archiv fiir Hisenbahnwesen, Heft 4, Juli-Aug., 8. 1001. 

ROESNER (E.). — Die Staatsbahnen von Litauen im 
Rechnungsjahr 1927. (2.000 Wéorter.) 

1929 385 .113 (.56) 
Archiv fiir Hisenbahnwesen, Heft 4, Juli-Aug., S. 1010. 

Die Smyrna-Cassaba-Eisenbahn. (2800 Wiorter.) 


1929 385. (09 (.496 + .56) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1151 


DIECKMANN. — Die tiirkischen Staatseisenbahnen, 
(9000 Wéorter & 1 Karte.) 


1929 385. (09 (.51) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1195. 


Entwicklung des chinesischen Eisenbahnwesens seit 
1928. (1500 Warter.) 


1929 385 .113 (.47) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1231. 


WEHDE-TEXTOR, — Die russischen Eisenbahnen im 
Wirtschaftsjahr 1926-1927. 


1929 385. (09 (.47) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1245. 


Die Entwicklung der lettischen aa gpneineny (6 00 
Worter.) 


1929 313 .385 (.485) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1267. 


Das schwedische Eisenbahnnetz 1926 und 1927. (4800 
Wirter.) 


1929 385 .113 (.481) 
Archiy fiir Hisenbahnwesen, Heft 5, Sept.-Okt., S. 1281. 


Die Eisenbahnen in Norwegen in den Jahren 1926- 
1927 und 1927-1928. (2200 Worter.) 


1929 385 .113 (.439) 
Archiy fiir Hisenbahnwesen, Heft 5, Sept.-Okt., S. 1291. 


RAJZ (K.). — Die koniglich-ungarischen> Staats- 
bahnen im Betriebsjahr 1926-1927. 


1929 385 .113 (.498) 
Archiv fiir Hisenbahnwesen, Heft 5, Sept.-Okt., S. 1304. 


Die rumanischen Staatsbahnen im Jahr 1926, (2500 
Worter.) i 


1929 385 .113 (.44) 
Archiv fiir Eisenbahnwesen, Heft 5, Sept.-Okt., S. 1314. 


Die Betriebsergebnisse der fiinf grossen franzésischen 
Eisenbahngesellschaften im Jahre 1927, 


1929 347.23) 
Archiv fiir Eisenbahnwesen, Heft 6, Nov.-Dez, 5. 1405 
DURNIOK (E.). — Die Entstehung des heutigen Ent 
eignungsrechts aus den Besonderheiten des Hisenbahn 
baus, (Schluss folgt.) (12000 Wé6rter.) 


1929 385. (09 (.61) 
Archiv fiir Eisenbahnwesen, Heft 6, Noy.-Dez, §. 143 
DIECKMANN. — Die Eisenbahnen und die Nilschiff. 
fahrt im Sudan. (5 800 Wéorter, 1 Karte & Abb.) 


1929 385 .113 (494) 
Archiv fiir Eisenbahnwesen, Heft 6, Nov.-Dez, 8. 1485 
Die Schweizerischen Bundesbahnen im Jahr 1928. 


1929 385 .113 (4 
Archiv fiir Eisenbahnwesen, Heft 6, Nov.-Dez,, 8. 1 


ROESNER. (E.), — Die lettischen Eisenbahnen 
den Rechnungsjahren 1926-1927 und 1927-1928. 


1929 385 .113 (.495) 
Archiv fiir Eisenbahnwesen, Heft 6, Nov.-Dez., S. 150! 


Die Griechische Staatsbahn in den Jahren 1926-192 
und 1927-1928. (3 000 Wérter.) 


1929 385 .113 (.460 
Archiv fiir Bisenbahnwesen, Heft 6, Nov.-Dez,, 8. 151 


Die Madrid-Zaragoza- und Alicante-Eisenbahn 
Jahr 1927. (5600 Wérter.) 


1929 385 .113 (.73 
Archiv fiir Eisenbahnwesen, Heft 6, Noy.-Dez., 8. 153! 


Die Eisenbahnen der Vereinigten Staaten von Am 
rika in den Jahren 1926 und 1927. (6000 Worter.) 


1929 313 .385 (.5€ 
Archiv fiir Eisenbahnwesen, Heft 6, Nov.-Dez,, 8. 155 
Die Eisenbahnen im Irak, (2000 Worter.) 


Elektrische* Bahnen. (Berlin.) 


1929 621 335 (4 
Elektrische Bahnen, Heft 1, Januar, S. 1. , 
Blektrische Bahnen, Heft 2, Februar, 8. 37. 

SACHS (Dr. K.)..— Neuere Drehstromlokomotiv 
der Italienischen Staatsbahnen. (7 200 Wéorter & A 


1929 621 .335 (.49 
Elektrische Bahnen, Heft i, Januar, $. 19. 
CHOISY (E. G,). — Les automotrices de 1100 


des chemins de fer fédéraux suisses. (4500 
& Abb.) 
1929 625 .223 


Elektrische Bahnen, Heft 2, Februar, S. 33. 


WAGNER (G.). — Die elektrische Beleuchtung 4 
neuen Berliner Stadtbahnwagen mit versenkten Deck 
leuchten. (1600 Wérter & Abb.) 


1929 
Elektrische Bahnen, Heft 3, Mirz, 8. 65. 


STEINER (F.). — Uber. das Vorheizen der Zii 
(4500 Worter & Abb.) 


625 . 


Sy ts 


1929 - 
lektrische Bahnen, Heft 4, April, S. 97. 
MUHL (H.). — Das vierte Betriebsjahr im elektri- 


rten Streckengebiet Bayerns der Deutschen Reichs- 
m Gesellschaft, (6600 Wéorter & Abb.) 


1929 ‘ 621 .33 (.73) 
iektrische Bahnen, Heft 4, April, S. 113. 
ZEHNDER-SPORRY (R.). — Einige Angaben tiber 
@ Elektrisierung nordamerikanischer Bahnen. (4000 
érter & Abb.) 


1929 621 .332 (.494) 

ektrische Bahnen, Heft 4, April, S. 121. 

SCHULER (H. W.). — Schienenleitung und Erdung 
den Schweizerischen Bundesbahnen. (Fortsetzung 
-) (2800 Wérter & Abb.) 


621 .33 (.43) 


1929 621 .332 (.494) 
ektrische Balnen, Heft 5, Mai, 8. 145. 

SCHULER (H. W.). — Schienenleitung und Erdung 
i den Schweizerischen Bundesbahnen. (Schluss.) 
$00 Worter & Abb.) 


1929 

ektrische Bahnen, Heft 6, Juni, 8. 166. 
RAUCH (A.). — Elektrische Zugheizung. — Wagen 
¢ den Ubergangsverkehr, die sowohl mit 1000 Volt 
echselstrom wie mit 1500 Volt Gleichstrom geheizt 
rden. (Schluss folgt.) (4300 Wéorter & Abb.) 


625 .234 


1929 . 621 332 (.485) 
aktrische Bahnen, Heft 12, Dezember, S. 361. 
DEVERHOLM (I,). — Die elektrischen Energie- 
lertragungsanlagen der Schwedischen Staatseisen- 
bnen. (4800 Wéorter, 2 Karten & Abb.) 


1929 : 621 .33 (.43) 
iktrische Bahnen, Heft 12, Dezember, S. 369. 
;LEICHMANN. — Eine wichtige Urkunde fiir den 


ktrischen Zugbetrieb auf den deutschen Haupteisen- 
amen. (2100 Wéorter & Abb.) 


1929 621 .33 (.43) 
‘ktrische Bahnen, Heft 12, Dezember, S. 375. 
tAMPACHER (F.) & WEBER (P.). — Der Entwick- 
gseang der Leitungskupplungen fiir elektrische 
en. (2300 Worter & Abb.) 


we 


" Elektrotechnische Zeitschrift. (Berlin.) 


929 621 .331 (.47) 
ktrotechnische Zeitschrift, Heft 49, 5. Dez. S. 1757. 


‘LFTAN (Alf.), — Das Kraftwerk Imatra, (1800 
rter & Abb.) 


c. 656 .215 
ktrotechnische Zeitschrift, Heft 50, 12. Dez., S. 1802. 


GETHAL (W.). — Scheinwerferbeleuchtung von 
nlagen. (1100 Wérter & Abb.) 


1929 625 .4 (.44) 
Elektrotechnische Zeitschrift, Heft 50, 12, Dez., S. 1813. 


Die neuere Entwicklung der Pariser Untergrund-~ 
bahnen. (1300 Worter & Abb.) 


1929 621 335 (.494) 
Hlektrotechnische Zeitschrift, Heft 51, 19. Dez., S. 1841. 


MULLER (A. E.).. — Die Triebwagen der Bern 
Neuenburg-Bahn, (1300 Wérter & Abb.) 


1929 621 .33 (.43) 
Elektrotechnische Zeitschrift, Heft 51, 19. Dez., 8. 1854. 
Aus dem Geschaftsbericht der Deutschen Reichsbahn- 


Gesellschaft iiber das 4. Geschiftsjahr 1928. (800 
Worter.) 
1929 621 .39 (.436) 


Elektrotechnische Zeitschrift, Heft 51, 19. Dez., S. 1854. 


Fortschritte der Elektrisierung der Osterreichischen 
Bundesbahnen. (400 Worter,) 


1930 725 .1 (.43) 
Elektrotechnische Zeitschrift, Heft 1, 2, Januar, 8, 18. 
Elektrotechnische Zeitschrift, Heft 2, 9. Januar, S. 50. 

STUBLER (H.). — Die Stromversorgungsanlage und 
die elektrischen Einrichtungen des Reichspostzentral- 
amts. (8000 Worter & Abb.) 


-  Glasers Annalen. (Berlin.) 


1929 
Glasers Annalen, N* 1259, 1. Dezember, S. 166. 


KLEIN (R.). — Einiges aus der Praxis des Getriebe- 
baues. (3 200 Worter & Abb.) 


1929 
Glasers Annalen, N* 1259, 1. Dez., 8. 171. 


ERDOS (E.). — Veranderungen der Achsdriicke bei 
Lokomotiven und Wagen unter dem Winflusse der 
Bremskriifte. (2100 Wéorter, Tafel & Abb.) 


1929 621 .132.8 
Glasers Annalen, N’ 1259, 1. Dezember, 8. 175. 

WERNEKKE. — Eine Lokomotive mit Kettenantrieb. 
(900 Worter & Abb.) 


1F295 625 .251 
Glasers Annalen, Nt 1260, 15. Dezember, 8. 187. 


ERDOS (E.). — Veranderungen der Achsdriicke bei 
Lokomotiven und Wagen unter dem Einflusse der 
Bremskriifte. (Schluss.) (3800 Wéorter & Abb.) 


621 .83 


625 .25 


In English. 


Bulletin American Railway Engineering 
Association. (Chicago.) 
1929 625 .1 (02 (.73) 


Bulletin American Railway Eng. Ass°", October, p. 337. 


Report of special committee on standardization. 
(3700 words & fig.) 


; 


9 (Ee 
1929 725 .33 (.73) 1929 656 21 
Bulletin American Railway Eng. Ass, October, p. 409. | Modern Transport, No. 562, 21 December, p. 7. 
Report of committee XIII. —- Water service and JENKIN JONES (C. M.). — Layout and equipmer 


sanitation. (32000 words & fig.) 
1929 625 .162 (.73 
Bulletin American Railway Eng. Ass, October, p. 473. 
Report of committee IX. — Grade crossings. (8 000 
words & fig.) 


1929 347 .75 (.73) 
Bulletin American Railway Eng. Ass, October, p. 489. 


Report of committee XX. — Uniform general con- 
tract forms. (21 000 words & fig.) 


Journal of the Institute of Transport. (London.) 


1930 625 .7 (.42) & 656 .1 (.42) 
Journal of the Institute of Transp., No. 3, Jan., p. 130. 

CLEMENTS (R. G. H.). — Road engineering in rela- 
tion to road transport. (10700 words & 4 tables.) 


1930 385 .15 (.42) 
Journal of the Institute of Transp., No. 3, Jan., p. 147. 


MILLER (H. T. G.). — Should british railways be 
nationalised? (4600 words.) 


1930 385. (07.2 
Journal of the Institute of Transp., No. 3, Jan., p. 152. 


PRESOOTT (W. G.), — Transportation from a che- 
mist’s point of view. (2600 words.) 


Locomotive Railway Carriage & Wagon Review. 
(London). 


1929 621 .132.3 (.492) 
Loe. Ry. Car. & Wagon Rey., No. 448, Dec. 14, p. 375. 

New express engines, Netherlands Railways. (900 
words & fig.) 

1929 621 .132.5 (.44) 
Loc. Ry. Car. & Wagon Reyv., No. 448, Dec. 14, p. 376. 

Locomotive development on the Eastern Railway of 
France. (2000 words & fig.) 


1929 621 131 
Loe, Ry, Car. & Wagon Rey., No. 448, Dec. 14, p. 390. 


PHILLIPSON (E. A.). — Steam locomotive design : 
data and formulae (to be continued). (2600 words.) 


Modern Transport. (London.) 


1929 388 (.431) 
Modern Transport, No. 562, 21 December, p. 3. 

Passenger transport services in Berlin. No. 1. — 
Development of the Untergrundbahn system’ (5 400 
words & fig.) 


of docks. — Relations between railways and port 
(4800 words & fig.) 


1929 385. (09 (5 
Modern Transport, No. 562, 21 December, p. 9. 


BURTT (Ph.). — The railway position in the Eas 
(1400 words.) 


1929 656 .25 
Modern Transport, No. 562, 21 December, p. 11. a 

PETER (B. H.). — Developments in railway signal 
ling. (2900 words.) 


4 


1929 621 132.8 (.42) & 621 134.3 (42 
Modern Transport, No. 562, 21 December. p. 15. 


New British-built « Baltic » type high pressure loco 
motive with water-tube boiler. (1400 words & fig.) — 


1929 651 (.42 
Modern Transport, No. 562, 21 December, p. 20. 
Advertising railway services. (2000 words.) 


1929 388 (.43 
Modern Transport, No. 563, 28 December, p. 3. 7 


Passenger transport services in Berlin. No. 2. — 
Power, rolling-stock and stations. (2200 words & i 


1929 a 621 132.3 (4 
Modern Transport, No. 563, 28 December, p. 9. 


New high-pressure three-cylinder compound locom«¢ 
tive for London Midland and Scottish Railway. 
words & fig.) 4 


4 
4 
Railway Age. (New York.) 7, 


1929 656 .255 ( 


Railway Age, No. 28, 7 December, p. 1822. =) 
Normal and reverse direction signals solve operat 
problem for Denver & Rio Grande Western on mounta 
erade. (1300 words & fig.) | 
Se yy 

1929 621 132.3 (.73) & 621 132.5 Gi 
Railway Age, No. 23, 7 December, p. 1825. } 
Rock Island buys 4-8-4 type locomotives. (1000 y 
& fig.) 
1929 621 .133.7 | 
Railway Age, No. 23, 7 December, p. 1329. 


KOYL (C. H.). — Pitting reduced by feedy 
heater. (1500 words & fig.) 


1929 
Railway Age, No. 23, 7 December, p. 1331. 

Illinois Central runs lubrication test. (1400 
& fig.) : 


1929 
Railway Age, No. 23, 7 December, p. 1334, 
JOHNSTON (C. E.). — How the Kans 


Southern allots expenditures. (3000 words & 


A 


1929 385 .3 (08 (.73) 
Railway Age, No. 23, 7 December, p. 1337. 


Interstate Commerce Commission annual report. 


‘6200 words & fig.) 


1929 625 175 (.73) 
Railway Age, No. 23, 7 December, p. 1341. 
_A Fairmont inspection car. (600 words & fig.) 


1929 624 .63 (.73) 
Baway Age, No. 23, 7 December, p. 1342. 


Steel trusses support forms for concrete arch bridge. 


words & fig.) 


_ 1929 621 .132.7 (.73) 
tailway Age, No, 24, 14 December, p. 1367. 


‘Illinois Central buys eight-wheel switchers. (600 
vords & fig.) 
| 1929 657 (.73) 


OWSON (E. T.). — Railway budgets an aid to 
rderly spending. (6200 words & fig.) 

« 

| 1929 
lailway Age, No. 24, 14 December, p. 1374. 

| ae in accounting cases. (4300 words.) 


Son Age, No. 24, 14 December, p. 1369. 


657 (.73) 


1929 625 .232 (.73) 
\ailway Age, No. 24, 14 December, p. 1377. 

|An unusual club car for the Lehigh Valley. (500 
ees & fig.) 


1929 621 118 (.73) 
jilway Age, No. 24, 14 December, p. 1385. 


| Annual ugh of Bureau of locomotive inspection. 
4 00 words & fig.) 


| 1929 625 .258 (.73) 
)ilway Age, No. 24, 14 December, p. 1387. 

| Big Four installs retarders at paxeseille yard. (2100 
i & fig.) 
: 
7 
} 


1929 621 139 (.73), 625 18 (.73) & 625 .27 (.73) 
jilway Age, No. 25, 21 December, p. 1415. 


Union Pacific opens system reclamation plant. (2 600 
nds & fig.) 


| 1929 621 132.5 (.73) 

\ilway Age, No. 25, 21 December, p. 1419. 

see mediums (G. W.). — Locomotive auxiliary 
ver mediums. (2200 words, 2 tables & fig.) 


29 625 .13 (.73) 
‘\lway Age, No. 25, 21 December, p. 1423. 
i RIS (R. F.). — Steam operation no obstacle to 
al Moffat tunnel. (3800 words & fig.) 


lway Age, No. 25, 21 December, p. 1428. 


ANDRIDGE (C.). — Co- -operative advertising in 
r (300 words & fig.) 


659 (.42) 


- a 


ao oe 


1929 621 .335 (.73) 
Railway Age, No. 25, 21 December, p. 1430. 


St. Louis combination electric switcher tested. (1 700 
words & fig.) 


1929 385 3 (.73) 
Railway Age, No. 25, 21 December, p. 1435. 


LEWIS (&. 1.). — Functions of the Interstate Com- 
merce Commission. (4000 words.) 


1929 656 .26 (.73) 
Railway Age, No, 25, 21 December, p. 1441. 


KEELEY (J.). — Pullman service result of twenty- 
two years’ development. (1900 words.) 


Railway Gazette. (London.) 


1929 625 .232 (.942) 
Railway Gazette, No. 25, 20 December, p. 961. 

New rail motor car trailer, South Australian Rail- 
ways. (600 words & fig.) 

1929 621 .33 (.54) 

Railway Gazette, No. 25, 20 December, p. 962. 

Great Indian Peninsula Railway electrification. (700 
words & fig.) 


1929 621 .9 (.42) 
Railway Gazette, No. 25, 20 December, p. 964, 


A new boring, facing and radiusing machine. (500 
words & fig.) 
rome" 656 .1 (.41) 


Railway Gazette, No. 25, 20 December, p. 967. 
if eS and road services in Ireland. (1400 words & 
lap 
1929 621 .132.8 (.42) & 621 .134.3 (.42) 
Railway Gazette, No. 25, 20 December, p. 973. 
High-pressure compound locomotive, London 
North Eastern Railway. (1600 words & fig.) 


1929 625 .1 (.42) 
Railway Gazette, No. 25, 20 December, p. 976. 


The Wimbledon to Sutton line, Southern Railway. 
(700 words & fig.) 


1929 625 .246 (.43) 


Railway Gazette, No. 25, 20 December, p. 978. 


20-ton goods brake van with ferro-concrete body. 
(200 words & fig.) 


1929 656 .211.7 (73) 
Railway Gazette, No. 26, 27 December, p. 997. 


The Havana-New Orleans ferry setvice. (500 words 
& fig.) 


and 


1929 621 .335 (.54) & 621 .3838 (.54) 
Railway Gazette, No. 26, 27 December, p. 1001. 


Special trains for the Poona Mail service, Great Indian 
Peninsula Railway. (800 words & fig.) 


= 99) = 


1929 656 .255 
Railway Gazette, No. 26, 27 December, p. 1002. 


The operation of single lines of railway. — XXIV. 
(1 800 words & fig.) 


1929 625 1 (.44 + .45) 
Railway Gazette, No. 26, 27 December, p. 1004. 

The Cuneo-Ventimiglia Railway. (1000 words & fig.) 

1930 656 .21 (.42) & 656 .225 (.42) 
Railway Gazette, No. 1, 3 January, p. 11. 


PAYNE (H. W.). — Tranship traffic. (1 100 words 
& fig.) 

1930 
Railway Gazette, No. 1, 3 January, p. 16. 

The operation of single lines of railway. XXV. (1700 
words & fig.) 

1930 621 .132.3 (.42) 
Railway Gazette, No. 1, 3 January, p. 20. 


The new « Royal Scot » high-pressure locomotive, 
London Midland and Scottish Railway. (500 words.) 


1930 623 .176 (.54) 
Railway Gazette, No. 1, 3 January, p. 20. 


656 .255 


Gauge conversion, South Indian Railway. (900 
words.) 
1930 385. (09.1 (.728) 


Railway Gazette, No. 1, 3 January, p, 22. 


International Railways of Central America. 
words & fig.) : 


(1 000 


In Spanish. 


Gaceta de los Caminos de hierro. (Madrid.) 


1929 625 .251 
Gae. de los Cam. de hierro, 1° de Dic., n° 3604, p. 397. 


Las corrientes de Foucault utilizadas para el frenage 
automatico. (800 palabras.) 


1929 621 332 
Gace. de los Cam. de hierro, 20 de Die., n° 3606, p. 421. 


Proteccién de las lineas eléctricas contra el rayo. 
(900 palabras.) 


Ingenieria y Construccién. (Madrid.) 
1929 621 .33 (.460) 


Ingenieria y Construccion, Diciembre, p. 637. 
GILBERT y SALINAS (A,). — En torno al sistema 

de corriente ma adecuado para la electrificacion de los 

ferrocarriles espafioles (continuara). (8000 palabras.) 


1929 385. (06.4 (.460) 
Ingenieria y Construccion, Diciembre, p. 649. 


Las exposiciones de Sevilla y Barcelona. (22000 pala- 
bras & fig.) 


Los Transportes. (Madrid.) 


1929 625 1 (.44 4+ . 
Los Transportes, n° 266, 15 Octubre, p. 292. 


Via internacional entre Irun y San Sebastian. (2: 
palabras & fig.) 


1929 625 
Los Transportes, n° 269, 30 Noviembre, p. 340. 


La conservacién de las traviesas y de los postes 
los ferrocarriles. (1100 palabras & fig.) 


1929 625 1 
Los transportes, n° 270, 15 Diciembre, p. 357. 

La conservaci6n de las traviesas y de los postes en 
ferrocarriles, (700 palabras & fig.) 


4 


Revista de Obras Publicas. (Madrid.) 


1930 
Revista de Obras Publicas, 1° de Enero, p. 5. 
SIERRA (L.). — Sobre la dosificacién de hormigon 
(900 palabras & fig.) } 


1930 385. (09 (49 
Revista de Obras Publicas, 1° de Enero, p. 12. 
JUANES (R.). — Los ferrocarriles belgas. (5¢ 
palabras & fig.) 


In Italian. 


Annali dei lavori pubblici. (Roma.) 


1929 621 33° 
Annali dei lavori pubblici, ottobre, p. 859. 
BARAVELLI (P.). — A proposito di una dete 
zione delle caratteristiche fondamentali per ferr 
elettriche. (11500 parole.) 


L'Ingegnere. (Roma.) 


1929 656 1 & 65 
L’Ingegnere, novembre, p, 707. 
VEZZANI (F.). — Strade, autostrade e ferz 


(continuazione). (8500 parole & 3 quadri.) 


Notiziario Tecnico. (Firenze.) 


1930 
Notiziario Tecnico, gennaio, p. 10. . 
Il transporto di rotaie e ferri lunghi su carr 
giunti. (1000 parole & fig.) 


1930 
Notiziario Tecnico, gennaio, p. 17. 
La resilienza. (3 600 parole & fig.) 


{ 
; 


i i — 
, 


- 


Rivista delle comunicazioni ferroviarie. (Roma.) | 


i 
1929 385 .113 (.45) 
livista delle comunicazioni ferrov., 15 Dic., n° 24, p. 9. 
‘I risultati dell’ esercizio ferroviario nell’ anno 1928- 
929, (2300 parole.) 
% 

, 


Yivista tecnica delle ferrovie italiane. (Roma.) 


i 

'1929 621 .33 (.45) 
livista tecnica delle ferrovie italiane, 15 noy., p. 190. 
/GRANDI (C.). — Elettrificazione della linea Bolzano- 
frennero. (2600 parole & fig.) 

“1929 625 13 (.45) 
fivista tecnica delle ferrovie italiane, 15 nov., p. 202. 
‘VALLECHI (U.). — Verifiche di stabilita dei rives- 
fmenti di galleria per le ferrovie metropolitane di 
foma (continua). (8700 parole & fig.) 


|= RS re SS 
t ; In Dutch. 
i De Ingenieur. (Den Haag.) — 


i 
1929 

@ Ingenieur, N* 50, 14 December, bl. 101, 
FOL (J. G.) & DE VISSER (W.). — Rubber onder 
a (3 600 woorden, 5 tatereelen & fig.) 


625 142.1 


De Locomotief. (Amsterdam.) 


625 .62 (.492) 
@ Locomotief, N* 51, 18 December, bl. 401. 

@ Locomotief, N* 52, 25 December, bl. 410. 
NIEUWENAUIS (J. G. J. G.). — Nieuw rollend 
terieel voor de Rotterdamsche elektrische tram. 
700 woorden & fig.) 

2 


- Spoor- en Tramwegen. (Utrecht.) 
625 .245 (.92) 


sor- en Tramwegen, N* 13, 24 December, bl. 330. 
r- en Tramwegen, N* 1, 7 Januari, bl. 4, 


DE GRUYTER (P.). — Het meetrijtuig der Neder- 


dsch-Indische staatsspoorwegen. (6800 woorden 
Hg.) 
1929 656 .254 


oor- en Tramwegen, N* 12, 10 December, bl. A. 16. 


SCHONG (C. L. M.). — Het Wig-Wag signaalsysteem 
or onbewaakte overwegen. (900 woorden & fig.) 


23 — 


1929 625 .13 (.492) 
Spoor- en Tramwegen, N* 12, 10 December, bl. 340. 

MARIS (A.). — Versterking van de brug over het 
Hollandsch diep, (3100 woorden & fig.) 


1929-1930 625 .112 (.94) 
Spoor- en Tramwegen, N* 12, 10 December, bl. 350. 
Spoor- en Tramwegen, N* 1, ( Januari, bi. 14. 

LODEWIJCKX (A.). — Het vraagstuk der Spoor- 
wijdte in Australié. (3400 woorden & fig.) 


1930 621 .132.8 (.492) 
Spoor- en Tramwegen, N’ 1, 7 Januari, bl. 4. 

BOLLEMAN KIJLSTRA (i.). — De nieuwe benzine- 
motorrijtuigen- der Nederlandsche Spoorwegen (slot 
volgt). (2100 woorden & fig.) 

1930 651 (.492) 
Spoor- en Tramwegen, N™ 1, 7 Januari, bl. 7. 

BRONKHORST (W. F. N.). — Het ponskaarten- 
systeem in de administratie der Nederlandsche Spoor- 
wegen, (1800 woorden & fig.) 


In Portuguese. 


Boletim do Instituto de Engenharia. 
‘ (S. Paulo.) (Brasil.) 


1929 621 33 (.81) 
Boletim do Instituto de Engenharia, Novembro, p. 335. 

MARINHO DE AZEVEDO (HK. R.). — A electrifi- 
cacao das linhas de suburbios entre as estacées de 
D. Pedro If e Bangii da E. F. Central do Brasil. (Con- 
tinuagao e fien.) (12 400 palavras & fig.) 


1929 656 .23 
Boletim do Instituto de Engenharia, Novembro, p. 372. 


de CASTRO BARBOSA (J.), — Da organizagao do 
trafego ferroviario. (Continuacao.) (4300 palavras 
& fig.) 


Revista das Estradas de Ferro. (Rio de Janeiro.) 


1929 621 132.8 & 621 335 
Revista das Estradas de ferro, 30 de Novembro, p. 522. 

As automotrizes 4 transmissdo electrica. (1000 pala- 
vras & fig.) 


1929 621 .335 (.494) 
Revista das Estradas de ferro, 15 de Dezembro, p. 539. 


A nova locomotiva de Loetschberg. (1200 palavras 
& fig.) 


$455. = Publisher : M. Weissenbruch Co., Lid., Printer to the King, 49, rue dn Poincon, Brussels. 


ta 


ov ny Ras 


im 


nt 


batt 


a le 
i 52t Gr: : 
; 1th ted oh qghpress as wae 
Ly tion hd ea ist3% 
4. aya boi! -cak ORS 
em iy i hl aos 1 
ah (eet ee rf> 


erga lh en ~ ae ers 
ee et 
VE Gtsige, eee ag Oy Sa f 


- 


ciories =a, > pelea 


di Fa ware 


vate, 


REE rai deh ay ite nasi ite 


i — ey Re ies : 
; : sd h j lex apie sf ME Oh Sey wrk te eas = 
ef 7 zi d \ i aint foe 5M : 
say Achaea 1 NEA ast a Cay re 
vt alae | ala ok Sy a at ot A tage TE 
¥ "a4 * i ) =e ’ - r % 
x , wee ee : wre y onan ae ‘Petes 
j ‘ 'y wy ° lel 2 ; 
— a ey | ne rw twa. & tome =k 
a SI d 4 aah. a Ba, : a 139 fae Br itani): wes 
als. G08 a ea et, ee ’ 
Ps ( pan , a F . 
F i, ‘Ciel ta A 
7 an p> ee np EL aoe 
ine el ees 
ze i 0m ee 
* is wy mt " 
‘ 2 
fet ast a ‘~ ; 
‘ i) mi Wei A) PE ee ede 
> 2e ree, peer ee witht? 
Of ‘ 
ee ou, rye stolen 1 esa 
' (Ee eM a eR Gee 2 iocreayOgh, SUR eyes i Mea Bs 
: ‘ FORMA 7 ‘ ek nea wera x 
fi 7 eo eo ae y ed ng sn hep, 
. ey ve z 
pee ee 
ee eee arn mea | 3 { 


a) Sse pe ie 


(ki 2). dh bree See pale 


ju by a Sa 


Wh on aa} 
ne genie 


“REPETITIONS : 


~ The success, in service, als 


TRADE “PRESTALL” MARK 
~ WROUGHT. STEEL . 


VACUUM BRAKE CYLINDERS 


has been such that many 


REPEAT ORDERS 


ae been. recei ived. 


Some instances : 


Buenos Aires Pacific Rly: The first consignment of. évlindess iahae 
oh been running successfully under test since 


- 1928, a further order for cylinders for 400 
30-ton covered goods wagons has been | 
- placed. ; 


5 RIS Since the completion of our first contract for 
Central Cordoba Rly. * cylinders for 500 wagons, a further quantity 


for passenger coaches and locomotive ten-- 
ders has been ordered. 


| 3 . ~~ First order for fitting to. one steam rail car. 
Federated Malay States 4 _ Repeat order for equipment for 24 passanel ; 
coaches. 

L. & N.E. Rly. - Repeat orders for cylinders es steam rail 
a care. A 
Madras & S.M, Rly, : Several repeat orders for cylinders for loco- | ; 
; ¢ Ser Rees _ motives. AY) 
: ¥ ’ The cylinders sapalicd for the ‘‘ aden a = 
Pullman Car Co. oie at f Scots ’ ’ All-Steel. Pullman Train have been 


running successfully since 1928, and iden- 
tical cylinders have been eidareds fora mum- 
ber of new saloon and kitchen cars. . 


THE WESTINGHOUSE BRAKE & SAXBY SIGNAL Co., Lid 4 


CHIEF OFFICE : 82, York Road, King’s Cross, N. bk. (Tel. North ‘2415, 6 lines.) . mi 


WORKS:: London and Chippenham, Wilts. ... ats 
y : ‘REPRESENTED . ae 
IN INDIA BY . Saxby & Farmer (india) Etd., Entally, Calcutta. 
a IN AUSTRALIA BY : McKenzie & Holland (Australia) Pty. Ltd. t fe mle Signals. : 
soos 5 MELBOURNE, Victoria & BRISBANE, Queensland ts 


Bin f ‘ The Westinghouse Brake Co. of Australasia 2 
ial" : CONCORD WEST, New South Wales. 


* | for Brakes. ~ 


- action. 


Sy 


WESTINGHOUSE 


EDDY CURRENT 
Th er A! C BR ‘A KE S I t 


in retarders. 


it has been thoro ughty tested in service and gives 
excellent results. 


Some of the advantages :- 


' No! tendency to squeeze wagons out of Practically no wear, as friction plays a 


the’ .retarder, even with maximum braking. very small part in the brake. 
Easy and instantaneous control. 


Unaffected by weather conditions. 
; Perfectly smooth electric retardation. 
We shall be pleased to assist in every way in the preparation of schemes for marshalling yards. 


The Westinghouse Brake & Saxby Signal Go., Ltd. 


Bp .82, York Road, King’s Cross, London, N. 1. 
ERA ea eet dedicate eet ah i eS Sea Sas ee 


No moving parts to bring brake into 


Ill 


STEAM HEATING 
| FOR 
Railway Carriages 


For Compartments, Corridors, 
Dining Cars, Sleeping Cars: etc. 


A HEATER for EVERY PURPOSE 


Each heater can be fitted with our Patent 
Bowden Wire Control, thus eliminating 
rods and cranks between the heater and 
control handle, enabling the latter to be 
fixed in any desired position. 


Westinghouse Gilled Heater, with Bowden “| 
Wire Control, fitted to L.M.S. Compartmen}. |! 


Steam in heaters is always at 
atmospheric pressure only and is 
automatically cut off when heat 
reaches the required degree ; 
waste isconsequently eliminated. 


Manufactured by ; 

The Westinghouse Brake 

& Saxby Signal Co., Ltd. 
82, York Road, 


King’s Cross, London, N. 1 
Works : London & Chippenham. 


Saloon in First-class Parlour Car, 
“€ Queen of Scots ’’ Pullman Train. 


ja VEREINIGTE 2 
EISENBAHN-SIGNALWERKE G. m.b.H. 


BERLIN-SIEMENSSTADT> 


fo y 
i : O53 : 
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Distants Signals on the Division 
Copenhagen-Gjedser 


MECHANICAL INTERLOCKING 


Mechanical point and signal mechanism by double wire or pipe line, 
electric point locking, crossing barriers, electric slots on_ signals. 


ALL-ELECTRIC INTERLOCKING 


Electric point and signal mechanism for d.c. or a.c., 
semaphore and light signals. 


SECTION AND STATION BLOCKING, 
: D.C. OR A.C. 


Block signals, block apparatus, electric plunger locks, track 
circuiting for interlocking. 


AUTOMATIC BLOCK SIGNALLING 


Impedance bonds, track relays, crossing signals. 


AUTOMATIC HUMP YARD INSTALLATIONS 


Table interlockers. 


AUTOMATIC TRAIN CONTROL 


4 @ » Mechanical, electro-mechanical and electro-inductive. 


___ WORKS IN BERLIN-SIEMENSSTADT, BRAUNSCHWEIG, BRUCHSAL, GEORGSMARIENHUTTE 


Ve 


DIESEL: ELECTRIC TRACTION 


ELECTRIFICATION 


IN ITS LATEST FORM 


1200 B.H.P. Diesel 
Electric train with 
Sulzer Engines built 
for the Buenos Aires 
Great Southern 
Railway. 


RMSTRONG WHITWORTH 


soi taal eae 


Warch Hi DEI: Midloolh 
mat pedal lahcnl coca 


i A&E ibe eft 


competed of Dsel. 


Sir W. G. ARMSTRONG WHITWORTH & Co. (Engineers), Ltd. 


Works : New-zastle-upon-Tyne. 


London Office : Park House, Great Smith Street, London,England. 


: } 
_ M.C.170 
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Pp. “ Viki Altion Bus supplied 
to the London, Midland and Scottish Railway. 


World- ide 
Supremacy for 30 years 


ROM the earliest days of motor transport the 
British-built Albion has provided unchallenge- 


__ 


RES aed aca 
ete ee em 
\ Railways and big en SO ce in all | 
\ Be igcoan: have purchased Albions : v [ 
\ Bhavnagar S:ate ate out - Z . ms india D [ 
| ate | 
/ ] Kenya and Uganda Railway - : 2 East Africa 77 _ 
/ J Ug stat Novihcbacep: Raho Upadan , - 
| New South Wels Government Railway and Uxrswaye Sydne, saw, y 
| Ee | 
ee eo eer) 
go _. 
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London: BANK BUILDINGS, 20 KINGSWAy,W.C.2 
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VII 


SOME OF THE LATEST DEVELOPMENTS 
OF THE TRUNK RAILWAYS OF 
GREAT BRITAIN. 


Great Western Railway 
High speed locomotive practice 


Some DAILY RUNS from 
LONDON (Paddington Station) 


to PLYMOUTH 226 miles in 247 min. 
TORQUAY 200 215 
BATH 107 405 
BRISTOL » 4148 120 
BIRMINGHAM 110 120 
CARDIFF 145 160 


Many high speed runs to London and 
cross-country, e. g. Swindon to London 


77 miles in 70 mins. 


London, Midland & Scottish Railway 


AN INNOVATION 
LMS 
40: TON WAGONS . 
Self discharging 
Independently operated doors 
Principal dimensions : 
Length over headstocks . 
Length over buffers . 
Length over body ... 
Maximum width of body (over plates) 8711” 
Size of top opening . . « 8827072136475? 
Height from rail to bad of t body « Oto as 
Estimated capacity «- 1,794 cu.ft. 


« 8220" 
- 350” 
33°6” 


London & North Eastern Railway 


High pressure compound 
EXPRESS LOCOMITIVE No. 10,000 
fitted with Yarrow-Gresley water tube boiler. 

Boiler pressure ‘ .. 450 lbs. per sq. in. 
Diameter of. driving wheels Se AGH 

2 high pressure cylinders . 12” « 26” 

2 low pressure cylinders . 20" 26" 


Total weight-of engine & tender in working order : 
166 tons. _. 
Length over buffers: 75'3 7/8”. 


Built at I: N..B. R. works Darlington, to design 
of H. .N. Gresley, C. B.-E., Chief Mechanical Engi- 
neer, London and North astern Railway. 


Southern Railway 


T. S. « CANTERBURY » 

The Southern Railway’s latest « de-luxe » 
Gross Channel steamer, 3,100 tons 
used exclusively on the 
Accelerated « Golden Arrow » Service 
London to Paris in 6 hours 35 mins. 

The « Canterbury » is an oil burning vessel 
constructed by:Messrs. William Denny & Bros. 
of Dumbarton. 

8 routes to the Continent. 

The « Southern Railway » last year conveyed 
over 2,000,000 passengers across the Channel. ‘The 
Company’s Cross Channel Fleet consists of 23 pas- 
senger vessels, including two new steamers just 

completed for the Channel Tslands service. 
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LOCOMOTIVES 


STANDARD AND NARROW GAUGE,TO ANY DESIRED SPECIFICATION 
DIESEL SHUNTING LOCOMOTIVES 


ROLLING STOCK 


FOR FREIGHT AND PASSENGER SERVICE *« SELF DISCHARGING CARS 
TANK WAGONS AND SPECIAL WAGONS 
FOR EVERY VARIETY OF PURPOSES 


SWITCHWORK 


CONTRACTORS RAILWAY EQUIPMENT AND EXCAVATING MACHINERY 
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RAILWAY 
-ELECTRIFICATION 


SoutH : 
6-Coach Tra’ 


PPANADA come ee 
_Five of pine 2400 Volt.i00 Ton Locomotives.at Montreal. 


pee 


ENGLISH 


THROUGHOUT 
THE WORLD 


The eminence of The English Electric 
Company in the field of Electric Tract.on 
has resulted in the adoption of their 
products on some of the most important 
Railways throughout the World. In 
addition to supplying Locomotives Motor 
Coaches, Railway Motors and Control 
Equipments, The English Electric Com- 
pany manufacture all the plant necessary 
for the Power Station and tor the 
equipment of Railway Substations for 
either entirely automatic operation or 
for supervisory control. 


ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED: 
> HEAD OFFICE: 


Queen's House, Kingsway, London.W.C.2. 


Works: BRADFORD, COVENTRY, 


PRESTON, RUGBY, STAFFORD. 


BRANCH OFFICES AND ASSOCIATES ABROAD : 
ARGENTINE, AUSTRALIA, BRAZIL, CANADA, COLOMBO, EGYPT, FRANCE, 
INDIA, JAPAN, NEW ZEALAND, SOUTH AFRICA, STRAITS SETTLEMENTS 

AND F.MS. 


x 


Passenger G Commercial 
Motor Vehicles operate 
in leading cities of the 
Old and New World 


AEC Vehicles have been 
supplied for service in 
Hotitanb, DENMARK 
Sweben, GREECE, ROUMANIA 
Canary Istanps, S. AFRICA 
ARGENTINA, Urucuay, PERU 
' Mexico, INpia, BURMA 
MaLay STATES, CHINA 
AustTrRALIA, N. ZEALAND. 


Apply for particulars 
of the new Ga range : 
PASSENGER VEHICLES 
up to 68 Seaters 
and Goops VEHICLES 


from 3 1/2 to 8 Tons. 


SPECIAL 
OVERSEAS 
4TONLORRY 


Commercial Vehicle Operators are invited to write for 
full particulars of this popular lorry special features of 


whichinclude: High ground clearance, reinforced back axle, Vehicles sold in S. Ame- 
heavy Colonial type springs and auxiliary springs, governed rica & Germany are mar- ACLO, 


engine, special steering damper, large capacity radiator. etc. | keted under the Trade 


; Mark : 
THE ASSOCIATED EQUIPMENT CO. LTD. 


SOUTHALL, MIDDLESEX, ENGLAND. Cables : Vangastow Southall. Codes: A.B.C. 6th Edn Bentleys — Motor Trade 


BUILDERS OF LONDON’S BUSES 
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Electric locomotive for the Northern Spanish Ry. Co. 
built by the Sociedad Espafiola de Construccion Naval at thelr Bilbao Works 


Sociedad Espanola 


de 


Construccion Naval 


Sagasta 25 = Madrid = Spain 


Railway Rolling-Stock | 


of every description 


Saloon carriage for the Directors of the Spanish Ministry of Public Works 
bullt by the Sociedad Espanola de Construccion Naval. at their. Bilbao Works 


. 


WHENEVER it happens that an extra 
tough piece of material requires to be 
machined-material where hard-spots abound 
and where the usual lathe tools will not stand 
the racket—put a tool of Brown’s Atlas Extra 
High Speed Steel on to do the job. The 


JOHN BROWN & Co., LIMITED, 


ATLAS WORKS, 


XII 


Further details will be sent 
upon request. May we help 
you? 


work awill be done cleanly, quickly and with 


~ little or no attention to the tool. 


For the ordinary run of work, too, the use 
of Atlas Extra can make all the difference 
between loss and profit in production, 


SHEFFIELD 
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‘BROUGHTON’ 


Copper 
Boiler Tubes 


Years of investigation & experience have proved beyond 
doubt the superiority of Copper over Steel either as a 
Firebox or as a tube. 


Copper ensures. 
TUBE ECONOMY. A set of Copper Tubes will last 12 years 
or more — 3 or 4 times the average life of steel tubes. ; 
FUEL SAVING by improved steaming due to better Heat 
Conductivity. Copper 91.8%/o. Steel 11 6 °/o. 


LESS CORROSION, and less time wasted inengine repairs. 


SCRAP VALUE. Old Copper tubes always bring full value 


as metal — old steel tubes have practically no value. 


Test of Copper Rod (Soft) 


Tensile Strength. 15.06 tons per sq. inch. 
Elongation . 48 °/o on 4". 
Yield 2.96 tons per sq. inch. 


Illustration shows Rod after Bend Test (co'd). 


be 


Test of Copper Tube (Hard). 


Copper Boiler Tube (Hard). 


Tensile Strength. 16.75 tons per sq ‘inch. 
41.25 Jo on 4”. 


5.56 tons per sq. inch. 


Elongation. 
Yield 
Illustration shows tube Flange Tested (cold). 


Copper Rods 


For Locomotive 
Firebox Stays Rivets, Etc. 


Broughton Copper Rods are made from fluid compressed 
castings, which are rolled and die drawn after being 
machined all over. This process 
neous product of the very highest quality. Every Rod 
supplied to British Standard Specification (unless other- 
wise specified), and tested before despatch. 


ensures a homoge- 


All Broughton products are manufactured from virgin 
metals of the highest quality (no old metal scrap is used) 
and are subjected to rigid inspection and tests at every 
stage of manufacture. 


aaa aaa 


THE BROUGHTON COPPER 


COMPANY, 


LTD., MANCHESTER 


XIV 


BLAKE’S HYDRAMS 
or Self-acting Pumps 


irane For Raising Water for Supply of 


Locomotive Tanks, Railway Stations, etc. 


NO COAL 
NO OIL 
NO STEAM 
NO LABOUR 


NO 
COST 
FOR 
MOTIVE 
POWER 


Rams will raise water to any 
height up to 1,000 feet. 


j Sa ney 3 
Hydram raising water for Locomotive Tank and Iron Works. 


HYDRAMS Blake’s Hydrams have becn supplied 
are self-acting machines, worked by water with a small fall or head, and to the following, among other : 
which will raise a portion of that water to almost any height above the H. M. THE KING 
Hydram. They can be worked by very small springs yielding little more 
than a trickle of water or by large streams or rivers. They are made H.R.H. The Duke of Connaught 
to raise any quantity of water from 300 gallons per day up to His Grace The Duke of Buccleuch 


His Grace The Duke of Devonshire 


600,000 gallons per day. The; ill force to any height from 15 feet : 
e E p ae z His Grace The Duke of Westminster 


above the Hydram up to 1,000 feet above the Hydram. : land 
They never require any oiling or packing, and there is no cost what- His Grace The Duke of Clevelan 


i i i i i he Duke of Portland 
eyer. for motive power, as that is obtained from the water passing His race T : 
through the Hydram. His Grace The Duke of Sutherland 


His Grace The Duke of Leeds 

His Grace The Duke of Marlboro’ 
His Grace The Duke of Grafton 
His Grace The Duke of Somerset 
His Grace The Duke of Bedford 
His Grace The Duke of Rutland 
His Grace The Duke of Roxeburghe. 


They require no attention further than an occasional inspection and 
cleaning, and many of our Hydrams have worked for twelve months at 
a time without having been seen once. WHydrams wil work with any 
fall from 18 mches up to 100 feet. It is not necessary to haye a vertical 
« Waterfall» in a stream to work a Hydram, If the stream has a 
fairly rapid flow the necessary fall from it can generally be got by 
taking the driving water out of the stream at one point and returning 
it to the stream again some distance further down. 


Send for Catalogue No 64. 


JOHN BLAKE LTD. *°¢2!%¢7°%. 


: ® LANCS., ENGLAND. 
Water Supply Engineers. ' _‘ Established 69 Years’’. 


FIRE TUBE SUPERHEATERS 


Integrally Forged Long experience has conclusively demonstrated the 
Re Bend superiority of Elesco (Schmidt) superheaters from 
pA SEE 1B SAGE the standpoint of design and construction, as well 
as for reliability and efficiency in operation.’ This 
is due very largely to the fact that return ber?s, 
forged integrally with the tubing, are used ex.u- 
sively to form the loops of the superheater elements 
or units. ‘These bends are machine-forged without 
the use of either additional material or a flux. 


Units so formed are homogeneous and as strong as 
the tubing of which they are made. In addition, the 
thickness of the metal is increased at the bend so 
that it is stronger than the tubing itself. Being of 
constant internal area with smooth surfaces, the 
bends offer no restriction to the flow of steam. 
The smooth exterior surface also avoids collection 
of soot, ashes or cinders. 


Millions of these return bends are in daily use under 

the severest service on-steam railroads all over the 

world, where Elesco superheaters are now standard. 
Lai) Sh 


Collectors Collectors for Elesco superheaters are made of the 
very best gray iron and are designed to meet internal 
stresses to which they are subjected through varia- 
tions in temperature and constant vibration. 


In the illustration is shown a recent development of 
the finger type having the multiple-valve throttle or 
regulator integral with the casting. Without com- 
plicating the smokebox arrangement, it provides for 
steam at full boiler pressure always circulating 
through the units, which protects them against over- 
heating, and control of the steam supply between the 
superheater and the cylinders. The steam supply to 
the cylinders is finely graduated by consecutive open- 
ing and closing of the series of small,multiple valves. 
This type of collector is rapidly being adopted for 
every Class of locomotive service. 


THE SUPERHEATER COMPANY 
60 East 42nd Street, New York, N. Y., U.S. A. 


ASSOCIATED COMPANIES: 


The Superheater Company, Limited The Superheater Company Limited 
276 St. James St., Montreal, CANADA Bush House, Aldwych, London, W.C.2, ENGLAND 
we) ow 


Compagnie des Surchauffeurs . Schmidt’sche Heissdampf-Gesellschaft; m. b. He 
Rue la Boétie 3, Paris, FRANCE = Rolandstrasse 2, Cassel-Wilhelmsh6he, GERMANY 


The Superheater Company (Australia) Limited 
Manchester Unity Building, 185 Elizabeth Street, Sydney, N. S. W. 


Agencies Throughout the World 


MOUNTAIN= 
RAILWAYS 


RAGK ND ADHESION 
LOCOMOTIVES 


FOR EVERY GAUGE AND CAPACITY. STEAM OR ELECTRIC DRIVEN, WITH ALL-ACCESSORIES 


RACK RAILS AND > SWITCHES 


0-8-0 +2R - Rack Locomotive 
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IN.AN ARTICLE DEALING WITH MITCHELL LOCOMOTIVE COALING PLANTS 
“ The Engineer ,, says . 


“We were fortunate 


Hh 


at Doncaster to:secure 


~~ BRITISH RAILWAYS 
Have recently ordered 
32 MITCHELL COAL 
AND ASH HANDLING 
~~ PLANTS, 
They can no longer 


afford to coal by hand 


at first hand some sta- 
tistics as to the run- 
ning of the plant which 
shews that the new 
system effects an eco- 


nomy of # 16,000 


per annum ”’. 


MITCHELL LOCO COALING PLANT AT DONCASTER. 


WRITE TO THE 


MITCHELL CONVEYOR C 


40-50, HOLBORN VIADUCT, LONDON. 
ABOUT ANY HANDLING PROBLEM. 


The 


_ An Economic Necessity 
“Sentinel-Cammell” Steam Rail Cars 


provide the means of adjusting supply to demand. 
They also serve to stimulate demand. 


Frequency of Service js an essential feature of successful 
branch line working, but the cost of running a heavy locomotive 
with ordinary rolling stock is so great that the traffic in sparsely 
populated areas fails to justify it. 


Infrequency of Service robs the railways of many of their 
initial advantages, and the potential passenger is compelled to con- 
sider whether he will adjust his plans to meet the existing time-tables 
or seek an alternative mode of transport. 


‘“¢‘Sentinel-Cammell” Steam Rail Cars providethemeans 
of solving this problem. Main line rolling stock is released for work 
more in keeping with its high capital value and the cheaply operated 
rail car running at regular intervals provides the frequency of service 
that attracts passengers and increases earnings. 


Write for full particulars to: 


AVIDI 


“Sentinel” Waggon Works, Limited 


Railway Department, 
20, Iddesleigh House, Westminster, S. W. 1. 
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1 Axle Boxes » alive Stock ! 


| 
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4 On 
ié éné ISOTHERMOS 
: nae ey PLXELTES Société Internationale ISOTHERMOS 
12, Rue de la Tour des Dames, PARIS 1, Rue du Rhone, GENEVE 
a ISOTHERMOS Corporation of America Societa Italiana ISOTHERMOS 
| Il, West 4274 Street, NEW-YORK Corso Italia, 6, MILANO, 105 
| ; 


Lubrication proportionate 
to Speed. 


Oil, Labour & Up Keep 
Saving. 


No Refelling between two 
Examinations 


Entirely 
Metallic 
Parts. 


Oil and 
Water 
tight. 


Fits any 
Kind of 
Rolling Stock. 


LICENSEE: a 

SPAIN : Compania Auxiliar de Fer GERMANY : W. Peyinghaus Egge- 
rocarriles - Alcala, 714. MADRID. bei-Volmarstein, A.D. RUHR. 
A es en 


POUR. FOURNITURE DE MATERIEL DE CHEMIN DE FER 
A L’'ETRANGER 
(THE FRENCH GROUP FOR THE SUPPLY OF RAILWAY MATERIAL 
ABROAD 


Telegraphic-Adress: F ‘ 10, Avenue Hoche, 
GROFRANERG 42 PARIS PARIS (8) 


THs TOTAL RESOURCES or THE COMPANIES FORMING THE FRENCH GROUP 
ARE AS FOLLOWS: 
Capital: 600 million francs Number of workmen and employees: 49 650 
Value of the annual production: 1.690.000.000 francs 


Locomotives Passenger Coaches Goods Wagons 


and various spare paris required for their construction and maintenance 


Principal markets supplied’ by the 


FRENCH GROUP 


NN 
AF RIQUBVDU SUD 


REPRESENTED IN: 


EUROPE: Athens, Belgrad, Bucarest, Constantinople, Copenhagen, The Hague, 


Lisbon, London, Madrid, Rome, Sofia 


AMERICA: Bogota, Buenos Aires, Mexico, Monte Video, 
Rio de Janeiro, Santiago de Chili 


ASIA: Bangkok, Peking AFRICA: Capetown, Cairo 
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Contractors to the principal 


C land Railway and Roadway Companies 
. at home and abroad 
Cf * : 


for 


=a ‘SPEEDY PASSENGER VEHICLES 
Gwar - and . 


RELIABLE GOODS TRANSPORT 


i 
if 
_||h 
i) 


There are Leyland 
Goods Vehicles for every 
load—from 2% to 12 tons 

ae 


The Passenger Range includes © 
four and six-cylinder chassis for Coaches, 
and single and double-decker Buses 


LEYLAND MOTORS LTD. Head Office and Works: LEYLAND, Lancs. 


DIRECT BRANCHES IN Auckland, Bombay, 
Brisbane, Bristol, Calcutta, Capetcwn, Cardiff, 
Christchurch, Chorley, Dunedin, Feilding, 


Manchester, Melbourne, Montreal, Singapore, 


Glasgow, Hawera, Leeds, Liverpool, London, 
Sydney, Toronto, Vancouver, Wellington, etc. 


XX 


ratt UIT 


Uniform 
Everywhere 
SE Reliable always 


Pratts High Test Petrol 
Pratts Commercial Spirit 
Pratts Ethyl Petrol 

Pratts Motor Oil 

-Pratts Aviation Spirit 
Pratts Benzol Mixture 
Pratts Fuel Oil 

Anglo’s Vaporising Oil 
Anglo’s Gas Oil 

Royal Daylight Oil 
White Rose Oil 

Angloco Candles 

- Valor Heaters 

_ Valor Perfection Oil 

; Cooking Stoves 
Pratts Golden Pump . 
Bulk Storage Installation 
Pratts “ Depth-o-Meter” 
Pratts Visible Discharge 

7 Indicator 


ANGLO - AMERICAN 
Pe) 8 COMPANY., Ltd. lili 


36, QUEEN ANNE’S GATE, LONDON.S W.1. 


HU 
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THE PHILIP: 


thermonic rectifiers type 

1036 and 1046 are specially 

designed for charging 

batteries in electric trucks 
and tractors etc. 

A truck battery charged 
with a Philips rectifier 
never lets you down. 

=e 


Philips Radio 


EINDHOVEN HOLLAND 


LIMITED : : : METAL GROUP 


NON-FERROUS 
METAL PRODUCTS 


for Locomotive Construction 


COPPER FIREBOX PLATES. In complete 
sets to any tests and requirements; plain, 
hammered and flanged, to any dimensions. 
Throat plates a speciality. 


TUBE PLATES. With tube holes COPPER PLATES. For repairs of 
drilled, if required; hammered and any description. 
flanged. COPPER RODS. Drawn or rolled 
DOOR PLATES. Flangedand drilled, for fire-box stays to any tests and 
with fire-hole cut out if required. requirements. 
WRAPPER PLATES. Rectangular, BOILER TUBES. Copper, brass and 
or cut to shape in the flat. “Nicro”’ of all types. 

Address your enquiries to :— 


L.C.I. METALS LIMITED, Lion Works, WITTON, BIRMINGHAM 
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DUNLOP 


THE STANDARD 
BY WHICH 
ALL TYRES 

ARE JUDGED 


Vacuum Brake Hoses, 
Westinghouse pipes, 
Buffing, drawbar and 
auxiliary bearing 
springs, all rubber and 
ebonite sundries for 
locos and rolling 
stock. Renowned for 
reliability. 


Specify 
MACINLOP 
for RAILWAY 
RUBBER 


MACINLOP LTD., 
CAMBRIDGE STREET, MANCHESTER. 


C.F.H.399ma 
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Gargoyle Lubricants 
for Locomotives are 
used by the leading 
Railway Companies 
throughout the 
World 


The British Detroit 
Lubricator 


is fitted to locomotives by : — 


London Midland & Scottish Railway The South African Railways 

London & North Eastern Railway The Sudan Government Railways 
Southern Railway The Indian State Railways 

Great Northern Railway Co. (Ireland) All the important Railways in the Argen- 
Great Southern Railways tine, Australia and New Zealand 


All the Railways in British West Africa 


Vacuum Oil Company, Ltd. 


Head Office : Caxton House, Westminster, London, S.W.1. Works : Birkenhead & Wandsworth 
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“VICKERS - PROVIDES cere 
“TRAIN LIGHTING — ae . 
3 Jk I ae 
ey ET IDEAL LIGHT 
VICKERS: LIMITED). _ FOR 
tees RAILWAY 
LONDON, S.W.1. CARRIAGES. 
Bek C6 2 Ges 


VI" ype Dynerne Regulator 


Exterior 
Subh-Control Switch. | 


Permanent Way Maintenance Costs 


CAN be Reduced 


Sa Te 
Fish Plate Holes 
drilled with quick- 
¥ 3 2 ‘a - ness and efficiency 
‘ with rail in position 
ee: 3 e é \. & . 4 
The is what can be accomplished with the Buda-Hyduty 
_ Paulus Track Drill :— 
It is hand operated and needs no power, therefore it can be used anywhere. 
It fits all types and sizes of rail. It drills holes up to 1 1/2 diameter. 
It can be pulled back from the track instantly without removing the bit from 
the work to permit the passage of trains. 
It is proved with a quick feed to bring the bit up to and away from the 
Wor 
The feed. is automatic and has fwo speeds. 


THE BUDA COMPANY (England 


Harvey Works WEMBLEY Middlesex 


Telephone— Tel. Address— _ 
WEMBLEY 3661-3662 BUDA, WEMBLEY 


A modern Alloy Steel 
for highly stressed parts, 

very resistant to shock and 
fatigue,, free from “Temper 
Brittleness” and well suited 
to the manufacture of small 
and large forgings. 


* Stocksbridge Quality ” 


Steels 
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“TORMOL*® 
FOR HIGHLY STRESSED PARTS 


THE UNITED An alloy steel free from the serious limitations 

4 imposed by “temper brittieness,” “TORMOL” 
is introduced: after lengthy experiments and 

| rigorous testing. It--is-an-alley—steel_which is ——________ 

admirably suited to the increasing tendency to 

COMPANIES LTD use alloy steels-in larger and larger sections for 

heavier engineering, as it may be air hardened and tempered. 

This feature renders it of immense value when large sections 

and forgings are required, where, with ordinary alloy ste, 

quenching often causes distortion. 


“TORMOL” FORGES EXCELLENTLY. 


All bars and billets of “TORMOL” are rough machined 
during the process of manufacture. “ TORMOL” is 
particularly suited to the manufacture of parts transmitting 
torque, circumferential or transverse stresses, especially where 
these are associated with shock or fatigue as in crank and 
other shafts, axles, gear wheels and pinions, etc., and for 
connecting rods and coupling rods. 


Write for booklet SF110, which contains full directions for heat . 
treatment and particulars of physical properties. 


"Tormol’’ machines to a fine finish—easily examined. 


Manufactured by 


SAMUEL FOX & CO. LIMITED 
STEEL, PEECH & TOZER LIMITED 


Associated with The United Steel Companies Limited 
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THE © 
British Power Railway Signe i 


Co. Ltd. 
3, Central Buildings, Westminster, S. W. 1. 
LONDON 
Works : Slough, Bucks. 


Railway Signal Engineers 
& Contractors. 


SIGNAL MATERIAL 
MANUFACTURED, SUPPLIED 
AND INSTALLED. 


SYSTEMS : 


All-electric. 


Electro-pneumatic. : 
Electro-mechanical. 


Mechanical. 


Train Description System. 


A. C. or D. C. Track Circuits. 


(3) A. C. or D. C. Trains Stops. 
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Diesel-Electric System for Railway Traction 


Becomotives and Railcars fitted with 


Beardmore Patent Oil Engines 
have proved reliable and economical 
under service conditions. 


5 — LOne of the 360 B.H.P. Diesel-Electric locomotives for the Indian State Railways (N.W.1.) 
Locomotives and Railcars fitted with Beardmore Engines 


‘in service in Canada and other parts of the world had com- 
pleted, up to the end of 1929, over 2 1/2 million miles. 


Wm. BEARDMORE & Co. LTD. 
GLASGOW SCOTLAND. 


Particulars of various types of Diesel-Electric Railcars and 
Locomotives for all classes of service supplied on request to: 
~-London Office : 36, Victoria Street, S.W.1. 
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“A Complete and ‘Popular 


39 
Success 
An extract from ‘‘ Modern Transport’’, April 20th, 1929. 


‘‘The reputation which Crossley 
Motors Ltd. acquired in the 
construction of high-class cars, 
coupled with practical experi- 
ence in the manufacture of the 

- heavier type of vehicle, was _ 
ample guarantee of the reliability 
of the chassis, which has, in 
consequence, been a complete 
and popular success. 


CROSSLEY 


“EAGLE” 


Asskalso for details of the 38/110 h.p. «*Six’’ 
CROSSLEY MOTORS LTD., GORTON, MANCHESTER 


Federated Malay States Railway 


3 CYLINDER LOCOMOTIVE. 
BUILT BY 


THE NORTH BRITISH LOCOMOTIVE Co.Ltd., GLASGOW 


FITTED WITH 
Wakefields patent N’ 7 Pattern 


Mechanical Lubricators. 
FOR VALVE CYLINDER AND AXLE BOX LUBRICATION 


ane: EO Se a 


~ .C. WAKEFIELD & Co. Ltd., 


WAKEFIELD HOUSE. 30/32, Cheapside. LONDON, E. C.2. 


Nisaoseit sensi 
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REMSE¢ © 


| BERLIN O1f2 
LICHTENBERG 


“KNORR AIR BRAKES 


for passenger and freight trains 
guarantee: gradual release 

absolute reliability 

high speed of propagation 

smooth handling of long trains 

brake force adjustable to the load 


FEED WATER PREHEATER 


for locomotives with 


Compound Feed Water Pump 


AUTOMATIC CAR 
COUPLER 


systems Willison and Knorr - 
connecting also automatic bra- 
kepipes and electric cables 


View of a 75 car train, 


equipped with the Kunze Knorr 
Freight Brake on a 29 °/.. grade. 


XXXIV 


Alphabetical Index of Advertisers 


_ Firms, 


A. C. F. I. Limited , 
Aciéries de Gennevilliers, S. A.. , . .. — 
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Associated Equipment Co., Ltd. (The). . xX 
Ateliers de Constr. Electr. de Charleroi. .. XLV 


Bayliss, Jones & Bayliss, Ltd... .. . _ 
Bonnel (1924) Ltd. (W. A.)... . . - — 
British Power & Railway Signal Co., Ltd. XXIX 


Broughton Copper Works, Ltd.. . . . . XU 
Brown & Co., Ltd. (John). .-.-.... XI 
Buda Company (The) XXVIL 
Consolidated Brake & Engineering Co., Ltd. — 
ProssicyeNotors, Ltd. .52. . « . . » XXXI 
Dabeg (Soc. d’Exploitation des Procédés) . — 
Davies & Metcalfe, Ltd. . cae doy LOO VIT 
MOCKERRBEOLHETS*: . =. 0 es Se iene “XLT 
Dunlop Rubber Coj-Ltd. . 2.0. 7. S$ XXIV- 
é 

English Electric Company Ltd, (The) . . IX 
Friedmann (Alex.) . NXXVIT 
General Electric Co., Ltd. (The). . .°. .- — 
Gresham & Craven, Ltd. . A? He ELLE 
Sroupe Francais pour Fourniture de Maté- 

riel de Chemin de fer 4 ’Htranger. . . XX 
Guest, Keen & Nettlefolds, Ltd, . . . . XLV 
Hannoversche Waggonfabrik (Hawa) .. XLVI 
“Hoffmann Mie: Co.) Ltd. (The). ©... 4 OXLIV 


meoertemMetals; Lid... 2% oe. XXII 
Isothermos (Société Générale) . . . . - XIX 
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Specialities. 


Feedwater Heater. 

Rolling-stock. Rails welding, 

Commercial and public service vehicles. 

High test petrol, Motor oil, etc. 

Bronzes and white bronzes for railway purposes, 
Railway electrification. 

Passenger and commercial motor vehicles. 
Electric Train Lighting. Electric Signalling, 


Railway fastenings, rail screws, etc. 

Cemented waterproof. Sleepers, crossings, etc. 
Signalling equipment, etc. 

Copper boiler tubes. Copper rods for lecomotive 
Hollow forgings. Tyres, axles, etc. 
Motor cars. 


Vacuum and air brakes. 
Motor cars. 


Economisers, Feed water heaters, etc. 


Injectors, ejectors, etc. 
Varnishes, Japans, Fine colours, etc. 
India rubber tyres. 


Railway electrification. 
Injectors. Lubricators. Etc. 


Railway electrification. Motor Coach equipment. 
Vacuum brakes, injectors, ejectors, lubricators, ete. 


Locomotives-Passenger Coaches. Goods Wagons. 
Screws. 
Rolling stock. 


Bearings. 


Non-ferrous metal products, 
Axle boxes for rolling stock. 


Self-acting pumps. 


Motor vehicles. . 
Seamless steel oilfeeders. 
Air Brakes, Feed Water Preheater, etc. 


Passenger and goods vehicles. 
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Firms. 
Lightning Fasteners, Ltd.. . . . . . .XXXVIII 
Linke-Hofmann-Busch-Werke A. G. . . XXXVI 
Longford Wire.Co.) Ltd. (Ee) ie eee XL 
Macinlop; Ltd. sn 5 cata yes ey ee a SOL 
Maschinenfabrik Esslingen ...... XV! 


Maybach- Motorenbau . . . — 
Metropolitan Cammell CacHipe Wagon & 


Finance Co. Ltda: 8 Gee a) te oe a 
Mitchell Conveyor Co.-(The) . org 2 VIL 
Drenstein & Koppel A.G.. . . . a XII 
Parvillée Fréres & C'* (Anc. ‘Etantissenionta) — 
Pease & Partners, Ltd... . . «=... « XLI 
Peters & Co., Ltd. (G. D.) 

Philips Radio N. V. : ¢ XXIII 
Pritchett & Gold and E. P. S. Co. Ltd. XLVII 
Rexine, Ltd. »XXXVIIL 


Ringhoffer Works, Ltd.. . ..... . — 
Roberts & Co., Ltd. (Charles)... . . XUIII 


Roberts, Ltd. (J. W.) . BNO MUN 
Sanderson Bros & Newbould, Ltd.. .. . XL 
Schneider& C'® .. . eos, PLL 
« Sentinel » Waggon Works, Lta, (Lhe) se NI 
Skefko Ball Bearing Co. Ltd... .. . _— 
Sociedad Espafiola de Construccion Naval . XI 
Spencer-Moulton & Co., Ltd. (George). . XLIX 
Still & Sons, Ltd. (W.M.) . .... .- — 
Stone & Company, (J.). 2) ue ee tL 


Sulzer Brothers, Ltd. ae Rea ee a 
Superheater Seeepy es, London. . . — 
Superheater Company (The), New-York. . XV 
Datra Works, Ltd. (4.44 sue ses — 


Thornycroft & Co.,Ltd. (John I.). .. . = 


Turton Brothers & Matthews, Ltd.. . . XLII 


United Steel Companies, Ltd. (The) . . XXVIII 
Vacuum Oil Company, Ltd.. . . . . . XXV 
Vereinigte Eisenbahn-Signalwerke. . .. . IV 


Vereinigte Stahlwerke A.G.. . .... LI 
Vereinigte Westdeutsche Wapgontabaken . — 
Vickers Train Lighting -Co., Ltd... . . : XXVI 


Wakefield & Co., Ltd. . . . XXXII 
Westinghouse Brake & Saxby Signal Co. 
Ltd. (The) Shee’ Shak LI 
Wild & Co., Ltd. (A.G.). 9. . . ws. - 
. Willford and Company Limited . XXXIX 
*, William Beardmore & Co.,Ltd... . . . XXX 


Specialities. 
Side-fastening device for carriage blinds. 
Railway coaches & Wagons. Tramway cars. 
Seatings. 
Railway rubber. 
Locomotives. Rack Rails. Switches. 
Diesel engines. 


Rolling stock of all kins. 
Conveying and handling plants, coaling plants, etc 


Locomotives. Rolling Stock. Switchings. 


Porcelain and glass insulators. 


Pit props, plain or with ends turned, etc. 
Rolling Stock fitting and equipment. 
Thermionic rectifiers. 

Train lighting cells. 


Leathercloths. 
Railway rolling stock. 


‘Railway rolling stock, Tank wagons, etc. 


Asbestos. 


Steels. 

Locomotives, rolling stock, etc. 

Steam rail coaches and trucks locomctives, etc. 
Spherical roller bearing axle boxes. 

Railway Rolling Stock. 

India rubber springs of all kinds. 

Atmospheric steam heating ‘for coaches, etc. - 
Railway specialities. 

Locomotives & tail cars. 

Multiple valve regulators. 

Steam superheaters for locomotives, marine, etc. 
Motor cars. 


Passengers and goods motor vehicles. 
Steel springs. 


Steel Sleepers. 


Lubricants for locomotives. 
Railway signalling. 
Railway equipment, Tubes, Plates, etc, 


5 Rolling stock, 


Train lighting dynamos. 


Mechanical lubrication. 


Railway signalling. Brakes. Heating systems. 
Railway supplies, steam heating, etc. 
Railway Springs. 

Diesel motor coaches, etc. 
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ALEX. FRIEDMANN, VIENNA II 


AM TABOR 6 
(AUSTRIA) 


supplies for locomotives : 


-Exhaust Steam Injectors 

Live Steam Injectors 

Lubricators for Cylinders and Steam Chests 
Mechanical Lubricators for Axle Boxes 


and Wheel Flanges, etc. 


EXHAUST STEAM INJECTORS 
Economy 10 %, Coal and Water 


Fitted with — 2-8-2 Heavy Freight Locomotives. Built by 
Metcalfe Exhaust Steam Injeetor. Buenos Ayres & Pacific Railway. Messrs. BEYER, PEACOCK & Co,Ltd | 


OVER 10,000 LOCOMOTIVES FITTED IN ALL PARTS OF THE WORLD 


Davies & Metea!fe, Ltd., Exclusive agents for France and Belgium : 
Romiley near Manchester, ENGLAND COPE & SIMON, 13, rue Perdonnet, PARIS. | 
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“FLEXSIDE” 


The new patent side-fastening 
device for railway carriage blinds 


¥ “WILEXSIDE” overcomes the diffi- 
culty of obtaining a blind that is 

draughtproof and lightproof. 
i! |e il 1) |§ ‘“Flexside’ works on a very simple 
mi Ay) /|,/ principle and there is nothing to get 
wal out of order. Although “Flexside” 
al Boe abet eae does not interfere with the flexibility 
2 d of the blind, the sides are held rigidly. 

Write for further information to the Patentees and sole manufacturers :— 


LIGHTNING FASTENERS LIMITED 


(A subsidiary company of Imperial Chemical Industries L d.) 


LION WORKS, WITTON; BIRMINGHAM. 
Makers of the LIGHTNING ‘ZIPP’ FASTENER 


Scratchproof 
&6 7S cai 
Ree 
— STANDARD 


FOR LONDON’S 
NEW ’BUSES 


That the L.G.O.C. have chosen 
scratch-proof “Rexine” for the 
interior panels of the new S.T. 


companies are realising the economy and hard-wearing qualities 
eof this material. Write for details. 


REXINE LIMITED 


(A subsidiary company of Imperial Chemical Industries Ltd.) 


70 Spring Gardens, Manchester. 
London Office; 60 Wilson Street, Finsbury, E.C.2. 


R.A-170 
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J. W. ROBERTS, LTD., Midland Works, Armley, LEEDS, Eng. 


Telephone: Armley 38005. ‘LVelezgrams: *‘ Special, Leeds.” 


NE eT TTTTTTTIIITITIITTLIIITLLL LLL LLLLLULLLLLLLLLLLLLLLLL LLL LLLP LLL ccc ec 
= = 
| Rolling Stock INSULATION _ 
= “LIMPET” BRAND = 
= LOCOMOTIVE ol "| wm CARRIAGE & WAGON = 
= LAGGING. Piatt INSULATION. = 
=  Limpet Mattresses. Limpet Aircell. = 
= Stooled Limpet Mattresses. Limpet Sheet. = 
= 85% Magnesia Sectional Limpet Board. = 
= Lagging Blocks. Limpet Felt. = 
= Newallite. : = 
= An improved form a the above, Deeolitcy = 
= strong and clean to handle. Nonpareil Cork. = 
=  Limpet, Felt Blocks. Train Heating Pipe Insulation, = 


MMMM 


RAILWAY SPRINGS 


Of all kinds from 4 lb weight up to very largest. 
ZEN SEP OVER 250 TONS FINISHED SPRINGS PER WEEK 


Ga = Burnbank Works. Dennistoun Glasgow. 

<_ 34, Victoria St. Westminster. London. S.W.1. 
J. & R. Niven Ltd. Barsdorfs Buildings. Marshall Sq.Johannesberg 
G. H. Sheffield & Go. (Engrs.) Ltd. 7, Hastings Str, Calcutta, 


WILLFORD AND COMPANY LIMITED 


(ESTABLISHED 1890) 


PARK HOUSE WORKS * - SHEFFIELD 


TELEGRAMS :- CODE :- 
AUDAX, SHEFFIELD. “ BENTLEY'S 


4 


XL 


SPRINGS UPON SPRINGS. 


The large number of springs used in 
this double sprung seat with patent 
cantilever base provides the most resi- 
lient seat obtainable. 

The patent cantilever construction 
prevents distortion of the front and 
maintains the spiral springs of the 
base in a vertical posilion. 

‘* Longstrong ” Seats are used in 
Steamships and Railways all over 
the world. 

We invite your enquiries for all types 
* of Spring seatings. 

Contractors to L. M. S. Railway, 
L.N. E. Railway, Southern -Railway, 
Indian & Colonial Railways and prin- 
cipal Steamship Companies, etc., etc. 


‘phones 


588.459. ENGLAND ‘tondrone 


SANDERSON BROS « NEWBOULD L™ 


SHEFFIELD EsrasiisnHeo 1776 ENGLAND 


PAX ee: 

150 years ago we started making Crucible Steels VM | cS 

Vo SSA 
and saws. Zo if < 
Descendants of those early craftsm:2n are still =u la 

aA 
the back-bone of this firm today, plus the “La SS 
most modera steel and tool making Fe =n 

FAS? 

plant. | QS Ae 


That is our GOOD-WILL — 
and incidentally—your guarante® 
of quality when dealing with us. 


SS 7 Z For special Tool Steels, High Speed Steels, 
Strip Steels, Spring Steel, Files, Saws for wood 


or metal, Twist Drills and Cutters — specify San- 


& derson — Newbould brands. 


XLI 


CAST 


CHAIRS, 
ERAKE- 
BLOCKS, 
BUFFER | 
CASINGS, 
etc., etc. 


Pease & Partners, Ltd,, 


DARLINGTON 7 She 


JOISTS, 
SECTIONS, 
FLATS 


ROUNDS 
etc. 


ROLLED STEEL 


SCHNEIDER & C* 


Head Office : 42, rue d’Anjou, PARIS (8°) 


WORKS 


Le Creusot 
Le Breuil 
and « Henri-Paul>: 
Chalon-sur-Sa6ne 
La Londe- 
les-Maures 
Havre 
Harfleur and Hoc 


Bordeaux 


The strongest locomotive in Europe : Locomotive type - MOUNTAIN », built for the P, L. M. 
by Messrs SCHNEIDER and ¢° 


Steam locomotives of every description. — Shunting locomotives. — Electric locomotives for 
passenger and goods trains. — Petrol-driven electric locomotives. — Locotractors for norma 
gauge. — Manganese steel castings for rolling stock. 


LEE 


TURTON BROTHERS 
& MATTHEWS, za) 


STONE’S 


RAILWAY SPECIALITIES 


STONE’S TRAIN-LIGHTING, HEATING, 
COOKING, REFRIGERATING AND 
VENTILATING INSTALLATIONS AND 
ACCESSORIES. 


BRONZE LOCOMOTIVE AXLEBOXES 
AND BEARINGS. 


CONNECTING AND COUPLING ROD 
BUSHES, ETC. 


BRONZE sive: VALVES. BRONZE FIRE- 
BOX STAYS. 


Oana tee AND WAGON BEARINGS. 


LOCOMOTIVE BOOSTERS. ROLLER 
AXLEBOXES. 


SPECIAL NON-FERROUS ALLOYS OF 
ALL GRADES. 


CASTINGS, ._ DIE. CASTINGS, FORGINGS 
ee STAMPINGS, IN NON- FERROUS 

Miaanen CASTINGS. 

HOT PRESSINGS. 

FORCE FEED LUBRICATORS FOR 
LOCOMOTIVES. 

EITHERSIDE. WAGON BRAKES. 


”"TANYA” SUSPENSION SYSTEM FOR 
TANK WAGONS. 


COMBINED HINGE AND STANCHION 
FOR WAGONS. 


Se es COCKS AND OTHER FIT- 
STEAM AND WATER FITTINGS. 


DRAINAGE TRONWORK. 
REDUCTION GEARS. 


MAKERS OF THE ee aoe ALUMINIUM RIVETS AND 


TIMMIS DOUBLE-WEB | | Powrs.for au putes — Hap axp 
HIGH-CLASS STEEL SPRINGS COUS FLUIDS. 


for all purposes. We shall be please .to send 
catalogues on a plication. 


The “PILOT BRAND,, of Springs re mace only of the § 
highest quality of material, The greatest skill is used in § 


their manufacture. They are finished with the greatest JS N COMPANY LTD) 
accuracy. : s 10 Eis: J 


They will thus oMtiast any other springs as has been proved f 
by nearly 50 years of experience, 


These springs ure therefore suitable for Railway rolling | 1° COCKS PUR st., LONDON, S.w.| 7 


stock where Engineers insist on a very high standard and 5 
very severe tests. They are especial y suitable for Carriage Works = Deptford & Charlton, S: E, 


Bolster Bearing Sprin s where great accuracy, ease and stead BRANCHES AND AGENGIES 
iness in running are es ential. ‘ 
° THROUGHOUT THE WORLD 
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CHARLES ROBERTS & Co Loo. 
HORBURY JUNCTION 2 _WAKEFIELD 


ON 
WAR OFFICE 
ADMIRALTY 
AND 
AIR FORCE 
LISTS 


Metre Gauge Bogie Petrol Tank Wagon for service in Uganda. 


RAILWAY ROLLING STOCK BUILDERS 
MANUFACTURERS OF TANK WAGONS FOR ALL LIQUIDS 
AND STEEL WAGONS OF ALL DESCRIPTIONS 


DOocR HR &” 


Varnishes, Japans, and Fine colours. 
“ Hermalac ” White Enamel. 
“ Hermator ” Paints. (Ani-corrosive.) 
Insulating Varnishes. 
“ Muroleum ” Flat Oil Paint for Walls. . 


“ Induroleum ” Fire-proof flooring. 


Manufactured only by 


DOCKER BROTHERS 


Head Office : Rotton Park Street, Ladywood, 8IRMINGHAM. 
Telephone : Edgbaston 3001 Telegrams : “‘ Japan, Birmingham ” 


London rier and Architects & Estates beets 
4 & 6, Moor Lane, LONDON E.C 


Telephone : Metropolitan 2775 : Telegrams : See Barb, London. 


Contractors to the principal British, Indian, Colonial. and Foreign Railways. 


XLIV 


KARKIER 


Commercial Motor Vehicles 
[TRACE HARK | 


The Better Choice 


With the many varied makes of modern commercial motor vehicle 

from which to choose, the intending purchaser may be somewhat at 

a loss in selecting a machine. Nevertheless, when a_sturdily-built 

vehicle with low running cost and of consistent operation is sought, 
a ‘KARRIER” will meet every requirement. 


Extensively used throughout the country, ‘‘ KARRIER™” vehicles are 
giving unfailing satisfaction to owners and confirming their excellence 
of performance in all branches of industry. 


PASSENGER MODELS} 


GOODS MODELS Full Specifications 
20 to 68 seaters. eR 


40 cwts. to 12 tons. on request. 


KARRIER MOTORS LTD. HUDDERSFIELD 


Wearless a 


They are in use in Europe and in Asia. We have 


eee had various complimentary reports after cove- 
Aa — “Gi is ring, 80,000 miles, 91,000 miles, 146,000 kilo- 
PALSIESN Botts iH | } metres, etc. 


And notonly is the general tenor of these reports 
that the bearings are operating without the 
slightest trouble, but also without any indication of 
wear. You know best what that would mean to 
you. 


Illustration shows one arrangement (Patented) 


Hoffmann Roller Bearing 
Axle Boxes for Railway Rolling Stoc 


THE HOFFMANN MANUFACTURING CO. LTD. CHELMSFORD, ESSEX. 
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NETTLEFOLDS| 
SCREWS 


_ Standard quality 
all over the world 


GUEST, KEEN & NETTLEFOLDS, LIMITED, 
BIRMINGHAM -- ENGLAND 


Ateliers de Constructions “ae 
imited Company 
Electriques de Charleroi Capital : 105.000.000 francs. 


Electric traction plant. 

Motors and equipment. 

_ Electric lighting plant for 
trains. 


Electric signalling. 


Wires ard Cables. 


Tractive motor 
! 
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Hannoversche Waggonfabrik 
A.-G. (Hawa) 


Hannover-Linden 


Diesel-propelled car, Hawa Mylius system. (Nederlandsche Spoorwegen). 


ANTI-ATTRITION 


BRONZES AND WHITE BRONZES 
FOR RAILWAY PURPOSES 


The strongest and most suitable bronzes for locomo- 
tive axle boxes and bearings, bushes, slide valves, 
rods, cylinders and the wearing parts of machinery. 


ANTI-ATTRITION white bronzes for lining 


up the bearings of locomotives, railway carriages 


and wagons and for locomotive connecting rods 
coupling rod bushes and eccentric strap liners. 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, DOMINION GOVERNMENTS, BRITISH 
AND FOREIGN RAILWAYS, LONDON COUNTY COUNCIL AND OTHER CORPORATIONS 
TRAMWAYS, STEAMSHIP COMPANIES, MOTOR TRANSPORT COMPANIES AND ENGINEERS. 


SOLE MANUFACTURERS 
THE 


London Office : f AN] f RT| ON Glengall Works, Gl engall Rd. 
1, VICTORIA ST., S.W. 1. ; ; ; London, S. E, 15 


METAL COMPANY, LID. 


THE WORKER 


Pritchett & Gold train ligthing cells work 
generously and vigorously, sticking to 
their job under all conditions. 
They are built for it, that is why 
they are a success, 


Specify P. & G. 
Cells 


PRITCHETT & GOLD | always. 
and E. P. S. Co., Ltd. 
50,Grosvenor Gardens, LONDON S.W.1. 


Manufacturers of Accumulators for all purposes 


RAISING THE FEEDWATER OF LOCOMOTIVES 
TO A VERY HIGH TEMPERATURE 


SYSTEM ACFI 


DESIGNED: on entirely NEW lines to fulfilthe © ...:Saves*10-— 15 °/o Coal. 
_ @onditions peculiar to. Locomotive practice. ~~ Returns 15 J, of exhaust Steam condensed and 
~ Over 2,000 in use. filtered to the Boiler. 
Weight evenly distributed. There are no Tubes or restricted passages to 
De-aerates and purifies the feed. become choked with scale. 


Descriptive Pamphlet and full particulars from : 
ACF! LIMITED 
25 Central Buildings, Westminster, London,'S.W.|. 
Telephone: Vietoria, 8010. Telegrams and Cebles : ‘‘ ACFEWATER, PARL, LONDON”. 
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GRESHAM & CRAVEN, Lro. 


MANCHESTER. 


Phone : 0613 CENTRAL. Telegrams : ‘‘BRAKE PHONE MANCHESTER.” 


EJECTORS AND 
VACUUM PRODUCING 
INSTRUMENTS FOR 
ALL PURPOSES. 


INJECTORS FOR 
ALL PURPOSES— 
HOT WATER, 
HIGH PRESSURE, 
CORROSIVE LIQUIDS, 
AND ALL TYPES 
SUITABLE FOR 
LOCOMOTIVES, 
STEAM RAIL CARS, 
STEAM WAGONS, 
STATIONARY 
BOILERS, 
MARINE BOILERS. 


VACUUM BRAKE 
CYLINDERS AND 
VALVES. 


MECHANICAL 
LUBRICATORS FOR 
LOCOMOTIVES. 


OVERSEAS AGENTS: 
FRANCE, BELGIUM, SPAIN & PORTUGAL: The Vacuum Brake Co. (France), Ltd. 
51, Boulevard des Batignolles, Paris. 
HOLLAND : Th. H. M. De Grijs, Lindenlaan, 39, Rijswijk, The Hague. 
ITALY : Giovanni Checchetti, Piazza Sicilia, 1, Milan. 
AUSTRALIA : Adams & Co., 521-523, Collins Street, Melbourne. 
INDIA : Heatly & Gresham, Ltd., 9, Forbes Street, Bombay. 


Do. 6, Waterloo Street, Calcutta. 
Do. 9, Popham’s Broadway, Madras. 
Do. 9, Egerton Road, Lahore. 


SOUTH AMERICA : Evans, Thornton & Co., 465, Calle Defensa, Buenos Ayres. 
POLAND, ROUMANIA & THE NEW STATES: British Engineers and Traders Syndicate, 
Ltd. Australia House, Strand, Jondon, 


W. C. 2. 
SOUTH: AFRICA : Jenkins & Co., 12-14, Greenmarket Square, Cape Town. 
Do. Mereury Lane, Durban. 
Do. Marshall and Nugget Streets, Johannesburg. 


GERMANY : Thankmar Messing, Hanover. 
London Office : 41, WOOD STREET. WESTMINSTER, S.W.1 
’Phone : 9770-9771 VICTORIA. Telegrams: ‘“ EXCLUDING, PARL, LONDON. 
GLASGOW OFFICE: Wm. Lester & Sons, 11, West Regent Street. 
NEWCASTLE-ON-TYNE OFFICE : Fred Cripwell,..18, Bigg Market. 
BELFAST OFFICE: R. Patterson & Sons, 13 & 15, Bridge Street. 
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SPENCER-MOULTON INDIA RUBBER SPRINGS. 


India Rubber Springs are now used by Railways in all quarters of the 
globe. 

The general scheme of the arrangement of rubber for the purpose of 
buffing and draft gear and in connection with bearing springs is that intro- 
duced some 80 years ago by Mr. George Spencer, a very eminent Engineer 
and inventor of his day. 

Mr. Spencer’s original schemes for the use of rubber for Railway pur- 
poses have developed very greatly since their introduction 80 years ago. 

Commencing with plain rings of rubber, separated by metal plates, the 
form of springs has passed:through a series of developments of section 
intended to protect the rubber from overload, and at the same time supply 
the increasing measure of efficiency as from time to time required, as the 
original springs were designed for service on a locomotive with a tractive 
effort of 5 tons, whereas to-day 50 tons is the tractive effort for which provi- 
sion must, in cases, be made. 

The blows that have to be provided for when butting are immeasurably 
greater now than in Mr. George Spencer’s time, but a discussion of this 
subject raises a question of such magnitude that it requires individual con- 
sideration. 

Rubber Springs of Spencer-Moulton design and manutacture as applied 
for butting and draw springs performing the duty which they were called on 
to do, lor the period up to say, 1910, were found to give a well-ascertained | 
life of 17 years, that is eight times the life of the steel springs in general use | 
at that time, although the price of the rubber was only about 3 1/2 times that 
of the steel springs. 

During that period the india rubber springs were designed merely to 
replace the steel springs, doing more or less the same duty as a steel spring 
in a similar position, with the exception that the rubber spring required 
then, as o! course it still does, a greater superficial area for a satislactory 
design ; also the final pressure offered by the india rubber was in general in 
excess of that available with steel, especially in the drawgear where the final 
pressure comes on the spring — that is in contradistinction to the arrangement 
with buffers, where the stroke used in general to be de-limited by the buffer 
head striking on the buffer guide. ~ = \ 

At the present time, owing to the very great increase in the running 
weight of both passenger and freight vehicles, and the increased speed at 
which trains are marshalled and freight cars are shunted, the force of impact 
at which wagons meet is no longer to be stated in a number of tons of the 
order of units up to 10 tons, but is now to be calculated in terms of 102. 

The Spencer-Moulton Duplex Bufier as supplied to a very large quantity 
of passenger vehicles in England and to thousands of bogie freight cars abroad 
has so lar been found sufficient for the needs up to the present time, but the 
increasing speeds of shunting and the still greater increase of weight of the 
unit of both pasenger and freight vehicles require still greater protection. 

To meet this, Spencer Moulton & Company have new designs in the 
course of preparation and trial, which they hope to produce at an early date. 


INDIA RUBBER 
SPRINGS 


ON 


RAILWAY VEHICLES 
are designed by 


Geo. Spencer-Moulton & Ge Cs 


MAKERS OF SPRINGS AND RUBBER BRAKE FITTINGS 
ALL RAILWAY ACCESSORIES 


CHIEF OFFICE, 2, CENTRAL BUILDINGS, WESTMINSTER. LONDON, .W.l. 


WORKS, BRADFORD ON AVON, WILTS 


Ae eR el ee Se 


Engineers 
for the application of india rubber 


for all mechanical purposes. 


VEREINIGTE STAH LWERKE 


AKTIENGESELLSCHAFT 


DUSSELDORF (Germany) 
Capital: 800 million Reichamark. 
Workinan and Staff: 195,€00. 
Capacity of Raw Steel: 9 million toma per year. 


RAILWAY EQUIPMENT 
Rails, Sleepers. Switches. Crossings and Accessories (heavy 
and light, B.S.S., ASCE., etc.). 


Wheel sets and parts thereof (Wheels, Discs, Tyres and 
Axtes); Springs. 


Fittings, pressings & stampings for locomotives & wagons. 


Seamless and Welded Tubes. of every description. Tubes 
for Locomotives, Brake Tubes, Tubes for Switches, 
Steel Poles, Steel Cylinders, Fittings and Flanges. 


M.S. SECTIONS AND BA 
Fiats, 


Rounds, Squares, Angles, Fees, 
Universal Flats, ete. 


a Joists, 


PLATES 


and Sheets, Tin and Black Plates, Dynamo and Transformer 
Sheets, etc. 


Hoops and Strip (oes Or OOF Roa, Black, Bright or 


Galvanized), Tube Strip, Baling and Packing Hoops of 
every description. 


WIRE 


of every description (Rolled and Drawn, Black, Annealed 
and Galvanized), Barbed Wire, Wire Nails, Woven Wire. 


Wire Ropes, 


MANUFACTURED PRODUCTS 
Constructional Ironwork of every description, 
Uhains and Anchors, Steel Balls and Rods 
for grinding nsills, Pressings, 

Forgings and Castings. 


Selling Crganisation for Export : 


STAHLUNION-EXPORT cman, DUSSELDORF 


GERMANY 


Des presses de 
M. Weissenbruch, 8 


